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CHAPTER I 

GENERAL PRINCIPLES. 

In clioosing the sanitary fittings for a dwelling-house, certain main principles, 
applicable to all classes of fittings alike, should, be carefully kept in view. Of 
these, cleanliness must naturally hold the first place. Every fitting, whatever 
its use, should be of such a material that it can readily be cleansed, of such a 
colour that the presence of dirt can easily be detected, and of a forin that gives 
the least possible facility for the lodgment of dirt. In some fittings — as water- 
closets and urinals — it is necessary to provide not only for efficient cleansing, 
but also that the process of cleansing shall be effected with due regard to 
economy of water. 

Durability is obviously an important quality in all fittings; but especially in 
those winch, like the flushing apparatus of water-closets, are subjected to con- 
tinual and often careless usage, and upon the efficient working of which the 
health-conditions of a house largely depend. To be really efficient, a fitting 
should be durable in all its parts, and all iiiecbanism should therefore be as good 
and as simple as it call be made, consistently with the work it has to do. The 
evils of cheap jerry-made mechanism are well exemplified in the low-priced kinds 
of flushing- cisterns, which are made to comply with water-companies^ require- 
ments at the least possible cost. In no kind of fitting is it so necessary to have 
the best materials and workmanship; but in no kind is suoli a combination less 
frequently found. 

Economy is a factor that cannot and should not be disregarded, but it must 
be combined witli durability and efficiency, or it ceases to lie in the true sense 
of the word economy. To he low-priced is not by any means always or neces- 
sarily to be cheap; more frequently, indeed, it means in the long run wasteful 
expense. 

In tlie design of every fitting, due thought should he given to the fitness 
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of the material and form, to the work it lia."' to do. .Manv tituo;.:- o? 

be designed with complete disregard to the use to wideii t jew u.e*' : = pr'.n 
Water-closets and lavatory-basins, whose inner .-uihice.-- no/ rt>\ -e, e nt. o'.inis-; 
ornament instead of being spotlessly white, are ex.-uayues iii prenl. ’I nmu- 
telligent arrangements for overiiow outlets to lavatury-b.-oii:,' nKo ti.-w 
the happily-exploded tasiiion ol admitting ele;in WJiier te* haiii.- aie! ; er.; a - 
by the same inlet that served for tlie egre of t i i rt y wa \ t.' r , (U’< ? f * b v i '^n ' * ■ \ ; i a ! i > a 
of defect in design. These and other points will Ite vleub. wui; m linn 



place. 

Lastly, the common practice of boxing' np the spaces arouml vwn-i -.-i 
apparatus and baths, and under laxndory-basins and sinks, is t«jr (Iw uetu. pa*: 
to be strongly deprecated. Tn certain cases in-oprriy-aiTangefl ea.-ing.- 
desirable and perhaps almost indispensalde: a woU-madt> tnirio-uro uiehn' a 
lavatory-basin hides the plumbers work, and deadens tin? Huniil of ilu/ water, 
while at the same time it presents a neat and even ornarnejitai appisiratn'c Uusi 
is not without value; but such enclosures should not be used as <*iipbnards ibr 
the reception of anything and everything it may be cfuivenicnt to hide in tfnnn. 

So also with baths and water-closet apparutars, tin* casing i-. of wiba- :is 
helping to deaden the sound resulting from the u.se oi’ the lilting; but if allowed, 
it should be carefully safeguarded against becoming a rerepiath; for nibbisb 
and filth. The arguments in fiivour of casing lavatory -I tasins, bath^, and wattn-- 
closets, do not apply to sinks; the spaces under sinks of all kinds should 
invariably he left open for inspection and easy cleuusing. 

The sanitary fittings appropriate for dwellings of vaihius kiud.-. nmy he 
divided into five classes, viz.; — baths, lavatories, sinks, water-closets, ;ncl 
urinals. (3f these, the sink only can be said to Ih/ an ahsolute nci'cs-itv in vn^yv 
class of house from the palace to the smallest cottage or tentunem-liou.M'. iLi h^ 
can now he had for so small an outlay that tiicre arc ft*.w houses,-, uf vt-nts a-- l<«w 
as £30 a year and eveji less, which are not supplied with a l^mh lllh-b uith )h 4 
and cold water. They can hardly yet bo said to have reaehed the* *‘i*U;me, 
though in some kinds of cottages, such as those inhabited by mirH-rs, {hi* b;!ih 
ib as necessary as the sink, hixed lavatory-hasins must Ih* i'(‘g;UHh/d more or 
less as luxuries, and as appliances for saving lahotir. "W atc/r-ciosets are. neoc-'Kities 
only in districts -where a system of water-borne sewage compels tlmir use, and 
uiinals, so far from being necessities, are fittings to be used with caution, and t<> 
he avoided where possible. 
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CHAPTER IL 
BATHS. 

Batlis are made of the following materials: copper, sheet-iron, cast-iron, 
steel, zinc, slate, fire-clay, marble, wood, and wood lined with lead. 

Of the various kinds of metal used for baths, copper is undoubtedly the best 
and most durable, as also it is unquestionably the most expensive. A well- 
made copper bath will bear re-enamelling many times over, and when finally 
discarded, the metal will always fetch a fair value. An iron bath, on the other 
hand, when worn out, is worth little more than the cost of removing it. 

Baths of tinned sheet-iron, copper, or zinc, are made in two ways; either 
they are made of thin sheets of metal, which require the support of a wooden 
framework or “cradling’’; or they are made of sufficiently stout metal to stand 
alone without support. The latter are known in the trade as Roman baths, 
and, from the point of view of cleanliness, possess manifest advantages over the 
lighter and less expensive forms which recjuire cradling. 

A bath which requires the support of cradling’ must also be cased; that is, 
the exposed side or sides of the rough framework must be concealed by wooden 
panelling*. The space thus inclosed under and around the bath is generally 
inaccessible for at least half its extent, and, as the framed inclosure and top are 
as a rule ill-fitting, becomes a harbour for dirt. If a bath must be inclosed, 
the framing should be of hardwood, as dust-proof as pos.sible, and the top (also 
of hardwood) should be bedded on the top edge of the bath in hardwood. 

Roman baths, on the other hand, need no casing, and if made (as they 
generally are) with a large roll on the top edge, do not require a wooden top. 
If they are fixed clear of the walls, access can he had to both sides for cleaning. 
These baths can be had with the taps so arranged that they are entirely self- 
contained, and can, if need be, be fixed in the centre of a room. 

Ill hatli-rooms where the flooring is of wood, a “safe” or tray, having a 
separate waste-pipe, is necessary in order to carry off any water that may 
overflow or leak from the fittings. / This safe is usually made of lead and 
extends the whole length of the hath. It wdll suffice, however, for all ordinary 
purposes if the safe is formed under the fittings only. The lead can he laid 
on the floor boards, the edges against the wall being turned up about 4 inches, 
and the outer edges finished with a wood fillet and a hardwood rounded capping. 
Another way is to remove the floor hoards and fix fillets on the sides of the 
joists, and between the latter to lay boards the upper surface of which will 
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and the fillet and capping may he dL^pun.sed A 

paint is a great improvement to the appt‘ar;iii(-e iti.- .-.H 
traffic on it is fairly lasting. In more i.^>:pensiN'e wustn 'ait',- (O -.i 
are used; and where the. door of a bath-room is uf t,-t.nrivTr. rise v . 

may be covered with mar]jl<‘ or Ides or In .-a.o- ^'i MO'- ■- -..lso 

fall should be given to the tioor, and a pipe leading to thr iiui.'-ioe po>\-itieo. 

There is eonsideraldc variety in the shape of baths. Tin y -air < {aab*- 
to taper from head to foot, or are made parallel Tinge aiv UKoh- wnh sl-piog 
sides and head, or with perfectly straiglit sidt*s and Inrni: ao- ."mt’a.-iinif.- 

made partially covered over, or with a hood at the erel far .’Innwer. 
needle, and spray baths, or they are made with eiirved sidi-s. I ii<' ubji's'l ui 
sloping the sides, so that the bottoiu the bath narrctwer ihan the lop. am! 
of tapering the Irith from head to toot, is to economi/.e water. 1 his arrangement 
is sometimes carried to such au excess, tliat the bath is uncmfdbviably narrow at. 


the bottom. The head is sloped to give a more (aaiifortabic rt^st for i he bark of the 
person using the bath, and the foot end of the bath is stmndinie.s covortal in ortler 
to assist in retaining the steam. The hood amingement will be ile.si*rilH‘d hcreaft.m*. 

A point of importance is the fomation of the angles of tin*, bath iiisidic 
The junction of the bottom with the sides and ends should l>e rounded, in or<hu' 
to afford as little lodgment as possible for grease and dirt, Thi.s e.uu of course, 
be very readily done in a cast-iron bath, but in sheet-iron or copper tlm fonmi- 
tion of these rounded angles is not so ea-S}'. In tlie stamped .steed baths the 
curved form is also easily obtained, and is one of the most f^!^aa^'^lbIe point. s 
about this kind of bath. 

The usual .lengths of baths arc 5 feet, 5 feet 6 inches, and fs feet, but Mtc-tller 
sizes are made for use in nurseries, ami have the advantagi.-s yf o^-unimiixing 
water, and of being rapidly filled and emptied. 

The finishing of the surface of a metal bath can ]>e arranged in stnvmd ways. 
In best work, both copper and iron baths are first timicd and then japanned or 
enamelled. The object of the coat of tin is to prevent oxidutitm and to gi\'c a 
better ground for enamelling. In applying a coating of tin to iron, the surfu'e 
of the iron is first cleaned by being turned to a bright polish in a- lathe. This 
can only be done to comparatively small articles, and is impo.ssible in tlu‘ 
of cast-iron baths, which are made in one piece. The tinning in the {'use of tlie 
latter kind of bath is done by a process of dipping, first into acid and then into 
tin. Tin thus applied does not stand nearly so V 7 ell as when it is applied to a 
bright surface, the adhesion not being so perfect. 
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The process of japanning copper baths, and enamelling tinned sheet- iron 
1)aths, is identical. The surface of the metal is first carefully cleaned, and 
painted with a specially-pre|)ared paint, the base of which is zinc. It is then 
subjected to a heat of about 300 degrees F. Before the next coat is applied, 
the bath is well rubbed down with pumice stone. It is then painted again 
and fired as before. There are usually three qualities of fiinish, the difference 
consisting in the number of coats of paint and firings applied; thus, “ first 
quality” will usually mean a bath which has had four coats, “ second c|uality” 
one which has had three coats, and “third quality” one which has had two 
coats. 

Copper baths may also be finished with a planished surface, which looks 
bright and clean, but requires regular attention to keep it in proper condition. 

Cast-iron baths may be finished with either a ¥itreous or a poreelain enamel. 
The word “ vitreous ” is genexally used to denote tinted enamels, and though 
the term “ white vitreous ” is used, this enamel should more properly be 
described as porcelain. Baths for enamelling are cast with a special mixture 
of iron, and all sand has to be removed, and every orifice or hollow in the 
metal carefiilly filled up, so that the surface is quite smooth. The bath is 
then placed in a muffle or furnace, and after being brought to a pink heat, is 
removed on carriers to an ingeniously -contrived table, where it is held in 
position and moved in the required direction while the finely-powdered enamel 
is sprinkled through a sieve over the whole surface which it is desired to cover. 
This process is repeated several times, and, when finished, the casting is put 
under a cover to cool. The enamel melts on contact with the hot easting, and 
when cold has the appearance of glass or porcelain. The greatest care has to 
be exercised in every detail of the process, as the slightest error will produce 
bad results. A cast-iron enamelled bath of this kind possesses all the advan- 
tages of a porcelain (fire-clay) bath, and is much less costly. It is also inuob, 
lighter — an important consideration where an old wood floor is in question, aiid 
does not cool the water as does a porcelain bath. 

The process of enamelling described above is a great improvement on tlie- 
japanning’ and metallic-enamelling’ processes formerly in vogue. The enamel 
is harder and less liable to injury, and is uuafieeted by any kind of acid or 
by any of the salts (such as Tidman’s bay salt) that are frequently used in 
baths. 

The rims of independent cast-iron baths can either be made with a roll edge 
or a flange. In the latter case a hardwood roll is fixed on the flange to form 
the necessary finish. 
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A special kind of copper bath, made by tlie bainmry I 
formed with sheet-coppei* in three pieces, for head, ami. 
The sheets are tinned and planished, and the seams itre ha 
and supported outside with cast-iron bauds. 

Stamped steel baths are made in a ^'ery similar way. tL 
course soldered together. Both tliese kinds of bath are iign 
The only objection to them is that, the metal being so veiy tl 
caused by the admittance of water, and also by a person l 
deuced by somewhat startling noises. 

Zinc baths are not very often used in England. The , 
polished, and when new looks clean and bright. To be kep 


Fig. 2S6.— Four Zinc Biitlis. 


dition, however, it requires constant scrubbing, juid great rare to pri'\'rnt 
contact for any length of time with greasy water. Tlie amoiini. t>f time ;nsd 
labour required to keep a polished zinc bath in proper comlbhm, would hr un 
impossibility in the average English liouseliold, and a zinc hath iil-kepi mhui 
becomes both unsightly and unclean. Fig. 256 shows dilfevent forms of m\o 
baths made by a French firm. 

Slate baths are made of slabs of slate about one inch in rbiekne.^s, Isold 
together wdtli iron bolts. The slabs can of course be enamelled eitliiu* black or 
white, or to imitate marble; but the process is costly, and the result by no 
means sati&tactoiy. There is, in fact, nothing to recommend the use of slate foi’ 
' ^ this purpose, and very few baths are made of the material. 
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Fipe-eiay (or, as it is sometimes called, “ popcelain”) is now very largely 
used for baths. The material used is the well-known hre-clay from the Coal- 
measures. The clay is subjected to a process of weathering, grinding, tem- 
pering, and mixiiig with, certain other ingredients, in which the greatest care 
is taken to obtain a substance, which will burn and contract with regularity 
throughout its entire thickness. It is tempered or brought to the required 
degree of plasticity by the addition of water, and is then thoroughly stirred 
and kneaded in a pug-mill. The baths are built up by hand over a wooden 
block of the shape required, and dressed by hand, and when dry are burned 
in specially -constructed ovens. When they emerge, the baths are in what is 
called the “biscuit” state; they are then enamelled inside -with a porcelain 
glaze, and are again burned. The process of burning in each stage occupies 
several days, and involves an appreciable percentage of risk from unequal e,x- 
pansion and contraction, and other causes. It will be seen, therefore, that the 
manufacture is necessarily a costly one on account of the number of failures 
that inevitably occur. 

The introduction of fire-clay baths is due to a suggestion of the late Prince 
Consort. In 1846 the Society of Arts, of wdiich his Royal Highness wns 
President, offered a prize for the production of a glazed porcelain bath made in 
one piece. After a long and costly series of experiments, Messrs. Rufibrd of 
Stourbridge produced, in 1850, a porcelain bath which fulfilled all the con- 
ditions laid down by the Society, and for which the “ Isis” gold medal wms at 
once awarded. The manufiicture thus started was destined to increase ver}' 
largely as time went on, and to-day glazed porcelain baths are in large re- 
quest, more especially for hospitals, asylums, and other jmblic institutions. 

Fire-clay baths have two great drawbacks, their great weight, and their 
feeble power of retaining heat. The first has within the hist lew years been 
largely reduced,^ but not without risk to the strength of the bath. The second 
is a physical property of the material, and cannot be altered. The grcEit advan- 
tages of a porcelain bath are its durability, and tlie fact of being in one piece 
without seams or joints. The glaze is unaffected by acids or salts, and can 
only be injured by wilful mischief. The coldness of the material to the touch 
is, however, unquestionably a real defect, and one wbicli may be, in some cases 
— as when a hot bath is quickly needed — positively injurious. Sometimes the 
bottom inside is grooved to reduce the slipperiness of the surface. 

The uncertainty of the process, and the large proportion of the baths that 
come out of the kiln “all-buts”, “seconds”, and “thirds” (although each lias 

^Formerly a 6-ft.-6-in. bath weighed about 7 owt., to-day a bath of the same size weighs only abfmt 5 ^ cwfc. 
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had tlie ssune amount of labonr and caro hrstfmyd nipui! n a- t ii--.' 
out “ basts ”),sufiieiontlv acwnmt i'oi'tlif liiuli ori'-s avia.-li aiv ii-k.-.' a. 

.baths, _ , p ^ , 

Of marble baths there is not much need to >^pe;ik a: uoi-in. ! 






Hot & Lid' inUt 

'/« £itthj £ ft’iCOS't^T oiUiAA 

Jigs. 257, 25S, 259, —Three Bad Forms of B!if;li-sup)ilU‘s anfl Wasto. 


hewn out of one piece of marble is a luxury suitable onlj^ for the iiiausiuu or tin* 
palace. Baths are also sometimes made of slabs of marble put tot^mher with 
bolts in the same way as slate baths. In whichever way the}* are made, mar}>le 
baths are subject to the same drawbacks with regard to temperature an the* 
porcelain baths. 

Concrete baths lined with a sort of rough marble mosaic were introduced 
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some years ago, but failed to command a profitable sale, and are not now in tlie 
market. 

Wooden baths are used still in some parts of the country, but tliere is no 
special advantage in them, and, in point of price, they could not compete 
successfully with the cheaper forms of iron baths. 

Wooden baths lined with sheet lead were much used, especially in Scotland, 




Fig. 2ao.— Combined Waste-and-Overflow Arrangement for Cast-iron Bath with roll-edge : A, Overfiow-pipe ; 

B, “Quick-waste” Valve with Weight 0 , ami Chain D ; E, j\nti-D Lead Trap. 

Fig. 261.— Cast-iron Bath with exposed Standing Wiiste and Overfiow. 

before the introduction of cast-iron baths, and though such baths allow the safe, 
to be dispensed with in certain cases, they are not so cleanly as the enamelled 
cast-iron or fire-clay baths, nor do they compare well in price either. 

The methods adopted for discharging* the waste water from baths vary con- 
siderably. The most simple of all is a plug and washer with or without a chain. 

Of the many bad forms in common use until recent times, three are here 
given as typical examples, viz., figs. 257, 258, and 259. Though tlu'y uillV-i* in 
details, they have one feature in common, viz., the water, both hot and cold, 
is admitted to the bath, and the waste water discharged, through orilict^ and 
along one length of pipe common to all. Anytlimg more uncleanly th.au this 
arrangement could not possibly have been devised. Borne of the dirty watm* 
from the last use of the bath almost invariably remains in the horizontal 
length of pipe, and this is of necessity forced back into the ])at]i by the inrush 
of fresh water. Buch fittings are not only unfit Ifom a .sanitary point of view, 
hut waste of water would he liable to occur undetected, if the waste were left. 
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open, and the supply-valves leaked. The wa.ste-pipe <d n l.iaiJf ofinoi {<> 
entirely independent of the supply-pipes and inlets. 

Fio-. 260 shows a combined waste-and-overflow arrangement. Tin' wu-t * ni ? r 
is shut by means of a ilap, which is attached to a wciglited hnnd!<‘. llu' flap n- 
raised by a (drain attaclic'd to the waste-knob, and whmi tire latter i> 
after being raised, the weighted handle fails back and .shuts the vahu*. \Mn.'n 
the waste-valve is closed, there is a free passage down the uver{!oW"pi[n*. 1 nr 
vertical pipe is fitted with a bayonet-catch in order tha,t it can be (.'(oitoved irn' 
clean-sing, and the inside of the valve-bos is lined with ]K>reelain eimmel. In thi.- 
case the overfiow^ discharges into the waste-pipe. Alternative arruiig(nnent's ar*- 


OverflofV 


Overflow- 


rig. 262.— OfmiWtied Waste and Overflow outside Bath. 

; , , Fig. 2(i;?.-~Bat!i-waste wltii Ball Plug and separate Ovoriiavv-pipo. 

shown in figs, 261 and 262,. the former the better, as the tube con.^ituting the 
combined waste and overflow is exposed. In the, latter the overflow rtst^s up 
the annular space between the standing waste-pipe and tlie pipe inelosing p. 
and so into the waste-pipe. Fig. 263 shows a similar arrangement, but hert' 
there is no inner pipe, and the overflow escapes thmugli an orifice at the upper 
part of the standing waste. Fig.,, 264 shows an arrangement of overflow insith* 
a porcelain bath, the end of which is specially' shaped to receive it, e . 

Many w’^ater eornpaniesl and.pubHo authoiities.vn'ow rerpire the overflow 
pipe from a bath to deliver separately into the ...open air,, and Jn such cases, 
though there are ohj ectmiis, to the; arrangement froih the user’s point of view, it 
must be adopted. UsuaHj-thc hath Js' fitted grating near the top, as in 

fig. 260, from which a pipe is cariied ;to the open air, and its outer end pro- 
tected with a flap to check draught. The portion pf' the nutlet in the bath 
must be chosen carefully, as the. overflow pipe. is the' only outlet for water dis- 
placed by the bather, other than over the top. 










waste-pipes. 

niHiiy other forms of 
« xampirs given are intco 
fi*' only availuhle uppuiratu^ 
' i<i prevent 
oiiiijj: ill any 8 j 
' f ell air into 8 111 


loif') should SECTION. 

v/n....i. i,„ssii,le w. 

v.itii .juiek tliseharge, in order to reduce the 
igiisiU"? sle’r’O'ii, K\a*ry part of the oveiilow arrang'enieiit sh 

lliopaspfidy eliMiOHcxL 

Tti# outlet tor ’‘waste*’) pipe ought to be sufficiently Jar 
*d au onlioary hath (from 30 to 40 gallons) in aho 
81 hidf. thtH pur|KW6 a pipe two inches in diameter is 

fins' fru'C and unohstructed. It freoiientlv lumr 
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md all the pipes are exposed to viewwith tiieir yakes. A waterpron! 
supplies the place of the hood, and is quite as efficient in ]>rev,nnih- 
The pipes are perforated at the necessaiy points, and the sy^teln of valv»‘s cun- 
trols the various forms of shower, wave, sitz, s|)raj, and <lou«'he iarh'^. aiui iIh- 
supply of hot and cold water or a mixture of both. For showei'bccth pHr|M.*-i’- 
only, an apparatus, consisting of a small circular cistern, with a cu]iaiiM'<*d 
fixed to the under side, and provided with a valve and (mrd for ui'Hininp, I'aii 
be applied to any ordinary bath at a comparatively small expense: or the 
cistern can be dispensed with, and the wxater led direct to a rose fixed to a 
bracket on the wall. In this ease the curtain-rod will have to be fixed in- 


dependently. 

From the most expensive type of bath we pass to the cheapest. A Isalh of 
some sort is a very desirable thing in all cottages, and in miner-A lionses ii is a 
necessity. The cheapest form of bath for a cottage i.s a casldrun taper baili. 
enamelled inside, of the cheapest quality. Such a Imth can ]>e had for ahtmi 
£2, or even less, and the surface can be inexpeiLsively renewed by (he .‘ijiplit'aiiMn 
of ordinary enamel paint. If the bath is placed in the seidlery, ct*!d water ma.y 
be run into it from the tap over the sink by means of an india-rulifim- |,tipe and 
hose union. Where space is limited, the bath may he pri>vided witlt a wuodi-n 
cover (hinged or loose), Avhich serves as a table when tlie bath is not, in use. 
Occasionally baths are sunk in the floor, and coxmred with a trap-donr. 
cottage baths are now made in conjunction with sinks and firesitle I toilers. 
that hot water can he obtained at a .small cost. In some <'ases, the batli outliU. 
has a, swivel joint, so that the batli can be turned under tlie .sink and drainer 
when not in use. 

Although not strictly speaking within the .scope of this nrtiele, a few words 
may be said on the subject of gas-heated baths. In bouses when; ilH*r<,^ is m* 
circulation of hot water from the kitchen boiler, and where ga-s is availalile, a 
“ Geyser”, or apparatus for heating hath-wmter by gas, is of great; priU'.tical 
The chief precaution to be observed is that the products of comlnistion from ilu: 
gas are carried off into the open air or into a flue, and that, if the .suppiv of 
water fails or is cut off, the supply of gas is automatically shut ofl* or r(HhK‘ed r.o 
a harmless quantity. In, the “Lightning Geyser”, patented by l^Iessrs. Kwart 
^ Son, both these conditions are fulfilled. The water enters the h€atim>-- 
qhamber through a specially-contrived “dual” valve. When the water passes 
through thi.s valve, it admits, a full supply of gas to the burner; if from any 
cause the supply of water fails or is cut off, the supply of gas is instantly checked 
or shut off entirely. This Geyser is heated by a set, of burners with ordinary 
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luminous flames, and the products of combustion are carried oft’ by a flue at the 
top of the apparatus, which can be carried through tlie wall into the open air or 
into a flue, as may be desired. 

It would be neither possible nor desirable in a work like the present to 
describe, with anything like fulness of detail, the principles and arrangements 



ignored. Through the kindness of Mr. Thomas W. Cutler, \Ye arc 

enaliled to give a plan of a private Turkish bath erected from his designs at 
Avery Hill, Eltliam. The arrangement (fig. 265) consists of a bath-room and 
lavatory, answering to the Lavatorium ” of the Eomans, a Tepidarium”, and 
a “ Laconicum The heat is supplied by hot- water coils and pipes, and venti- 
lation is provided by means of shafts carried up through the roof, and com- 
nmnioating with the hollow space in the walls. This plan may be regarded 
as a sort of via media between the simplest form of hot-air bath, in which 
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and all tlie pipes are exposed to view with tlieir valves. A waterproMf rPirtain 
supplies the place of the hood, and is quite as efficient in prev^'ntin*^ .qUahiin;/. 
The pipes are perforated at the necessary points, and the system uf vai\'v.. r'.ni- 
trols the various forms of shower, wave, sitz, spray, and ilouche luitus. aisl lisr 
supply of hot and cold water or a mixture of liotli. Foi* sliuwevd.uith |)ur|m-..‘s 
only, an apparatus, consisting of a small circular cistern, with a curtaiir-rtMS 
fixed to the under side, and provided with a valve and cord for op,eni]]g, can 
be applied to any ordinary bath at a comparatively small exptcnsi*; nr the 
cistern can he dispensed with, and the water led diret,-t to a ro.<e fixc<l in a 
bracket on the wall. In this case the curtain-rod will liave to he fixe«l in- 
dependently. 

From the most expensive type of bath we pass to the cheapest. A l«ilh ni’ 
some sort is a very desirable thing in all cottages, and in minerA houst?s it is a 
necessity. The cheapest form of bath for a cottage is a cast-iron taper hat In 
enamelled iinside, of the cheapest Cjiuility. vSuch a luith can In* had for ahniit 
,£2, or even less, and the siirfa(*.o can be inexpensiYcly renewed hy t.hc- applicai inn 
of ordinary enamel paint. If tlic bath is placed in tlic scullcrv, cfhi water ui.ay 
be run into it from the tap over the sink by means of an india-ruhher }>ipe ajid 
hose union. AVliere space is limited, the hath may Ijg pvovifleil with a Wiaalen 
cover (hinged or loose), which serves as a table wlicn the Ijuth is not in use. 
Occasionally baths are sunk in the floor, and covered with a trap-<.lo(vr. Special 
cottage baths are now made in conjunction with sink.s and fireside boilers, so 
that hot water can he obtained at a small cost. In some cases, the bath ombn, 
has a swivel joint, so that the bath can he turned under the sink and ilraimu’ 
when not in use. 

Although not strictly speaking within the .scope of this article, a few words 
may he said on the subject of gas-heated baths, hi liunscs when? there is no 
circulation of hot water from the kitchen boiler, and when* gas is available, a 
Geyser”, or apparatus for heating bath-water hy gas, is of great: practi<-ul vain.-. 
The chief precaution to be observed is that the products of combu.stion from tin* 
gas are carried off into the open air or into a flue, and that, if tiie supply d* 
water fails or is cut off, the supply of gas is automatically shut off’ or rt'dmn'd to 
■a harmless quantity. In the 'lightning Geyser*’, patented by Alessrs. Ewart 
& Son, both these , conditions are fulfilled. The water enters the heating- 
<^hamher through a specially-contrived “dual” valve. When the water pa.sse.s 
through this valve, it admits a full supply of gas to the burner; if. from any 
cause the supply of water fails or is cut off, the supply of gas is instantly checked 
or shut off entiiely. This Geyser is heated by a set of burners with ordinary 
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lumirioiis flames, and tlie products of combustion are carried off by a flue at the 
top of the apparatus, which can be carried through the wall into the open air or 
into a flue, as may be desired. 


It would be neither possible nor desirable in a work like the present to 
describe, with anything like fulness of detail, the principles and arrangements 



of Turkish baths; the subject, however, is one that should not be altogether 
ignored. Through the kindness of Mr. Thomas AV. Cutler, T.R.LB.A., we are 
enabled to give a plan of a private Turkish bath erected from his designs at 
Avery Hill, Eltham. The arrangement (fig. 265) consists of a bath-room and 
lavatory, answering to the “Lavatorium” of the Eomans, a ‘‘ Tepidarium”, and 
a “ Laoonicum The heat is supplied by hot-%vater coils and pipes, and venti- 
lation is provided by means of shafts carried up through the roof, and com- 
municating with the hollow space in the walls. This plan may be regarded 
as a sort of via media between the simplest form of hot-air bath, in which 
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the whole process is carried on in one room, and the most elaborate suite cd 
Tepidarium, Oalidarium, and Laconiciim, with shampooing-rooni, hrwitoij, {iinl 


.Frigidarinm. 

A simple hot-air bath, in which all the essentials of the process can be 
practised, may be arranged in one room; all that is required being a floor, walls, 
and ceiling that will retain the heat, a stove for raising tlio tcmperatniv [<t fin- 
required degree, and suitable appliances for washing. This may be j-egaaded as 
the unit, to which the process of subdivision can ])e applied, until tlic coniplme 
scheme described above is reached. 

The essential point in all hot-air baths, whether simple or elaborate, is a 
system of ventilation and warming which provides for a constant renown! of the 
air, and for keeping the air as dry as possible. 


CHAPTEE 111. 
’ LAVATORIES. 



Fig. 206.— Bad Arrangement of 'Waste from 
Lavatory Baefn— small ping Outlet and large Ti'ap. 


A well-arranged lavatory basin, provided with hot and cold water, i.s a con- 
venience which saves much time and labour, but the advantage gained in the>e 
respects may be more than counterbalanced if due care is not taken that all 
the details are clean and wholesome. A fixed lavatory basin mu}^ soon becoint* 
extremely foul and offensive, if the waste-pipe and trap uro not in proper 
portion to each other, or if the overflow-pipe is badly arranged. Noildng is more 

foul than soapy water, and no fitting flemamls 
more care in its arrangement than a lavatcfry 
basin. 

The ordinary lavatory basin is very faulty. 
The overflow is formed by a cluster of holes in 
the side of the basin, leading to a small pipe 
connected to the waste-pipe at some point 
below the basin. This overflow-pipe becomes 
clogged with soap, and, as it cannot be got 
at for cleaning, remains a perennial source of 
nuisance and annoyance. The waste-hole in the bottom of the basin is frequently 
made so small that only a very small pipe can be fixed, and the connections are 
often so arranged that the diameter of the pipe is of necessity less than that of 





PLAN. 

Fi;:. 2C7.— Hellyur’s Fire-clay 


“Corbel” Lavatory Basin, with “ Bowniright '' Overflow, 


THE “ CORBEL LAVATORY BASIN. 


the brass outgo. An outgo inch in diameter is not unfrequently connected 
to a trap 2 inches in diameter, as shown in fig. 266, the effect of which is that the 
trap becomes a sort of permanent reservoir of soapy water. The arrangements 
in lavatory tops (whether of marble or porcelain) for draining the soap dishes, 
are frequently of the most objectionable nature. A sinking is made on each 
side of the basin, from the bottom ■ 
of which a hole is. perforated 

through the marble or porcelain, . . r~— ■ 

and the outlet connected by a k 1 ' . ) '\ / / 

pipe to the waste-pipe or trap.. '■ j / J |1_ 

The draining pipes to these sink- 

ings speedily become choked, and . # A \ 

in cQurse^ of time very foul with ^ 

: The materials of which lava- - ■ '.j 
tory basins are generally made ^.. L lllJ 

arc ])orcelain, glazed fire-clay or. ■ 
stoneware, and enamelled iron; 

they can of course, be made , of . 1^^ 

tinned copper and, of galvanized ' 

iron, but neither of these ma- ™ b ~ — 

terials is in common use. The 


essential difierence between the arrangements necessary for basins of any form 
of glazed earthenware and those made of enamelled iron, is that with the former 
it is jiossiblc to have the basin and top in one piece, while with the latter a 
separate top is indispensable. 

The simplest and most satisfactory form of la%Txtory basin is one made of 
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■pig, Whitcwaru Lavatory Rasiu, Top, aiul Skirting in orio 
piece, with "Downright" Overflow and “(inick-flificiiargiiig” 
Waste-valve. 


fire-clay, with a broad piece ;i.t the hack loi- biiildiiii;' into wajl (!iu. s. 
Qdiis basin was first made at the writer's suggestion tnr the L\o}'al .lh)>uii:o. 
Southwark, by Messrs. Dent and Heilyei-, and has siiire f.eej] larg-ly adiopOM iiw 
hospital work. It is, however, quite as suitalile for doniertie woi'k. and i- 
specially adapted for schools aiid places wliore ordinary wniteicarr ha-di)." iiioii'i 
be liable to damage through rough usage. Tlie basin is made in <no pie.-r 
Mazed fire-clav, white inside and tinted outside, and oi great strcrigin: n 
requires no other support than the projecting piece v^■hiell i^ Iniilt ini’M riic wad. 

The overhow and. waste are stqnoatr. 
the back of the basin being recessed 'to 
receive tlie overflow; under tlie basin 
the overflow and waste are joined into 
one pipe*' The 'sinkings ;for soap,' 
are 'drained' by meanS' 'of small 
nels Slink' Jii /tlie''': rini' of ■. Iia'siii. : ■: 

'Fig.' ''2'68.' shows '..a 'goo4,'1bri« /Off 
popee!aln.:'la?»tQi*y basin, .z' wlii'chf :cai i , lie 
fixechz:eitheii'''.'''wtith/'LOit/'''W'itho':i'i't/'';.ii’''Av : 
easing,'.'; z, 'The '/basin :and'';',tpp' ''are'.'ln '":f:in6 
piece.':' /''''.''..The '' '"'ove''i‘fioW' ■' ''-.'is." '""''"'the: ''’''kind .. 
pat'ente'd''":- .S 0 '.iiiei'.'', years'"^' . since :"'''.''.by' 

" 'Hellyei',.'' . '''and'"'.', is '■■" readily' ■ ■; accessilile .'for : 
tdeaiiing.''''' ''Purposes,': '' : .Th'e,:' lower e.ri'd'' of 
ith©:'' ''.'overfiow.' ' ' is. :' 'coimected,'' ■''' not ' " S;. '' 

':Usua!ly.::fh'e'.'.' case'.' ■:wiDt''.. the ;.;tmpdi'b 
with the np])er part of the wa.'.tD-valvin 
in order to prevent anything washing hack into tlie ovmfh.jw-jiipe, I’he sinkings 
for soap and brushes drain into the basin by way of little slofs sunk in tlie bn. sin',- 
rim. There are many ways in which lavatory basins of this kind may be iiircul 
up; marble tops are often required for the sake of ap})earaiicc, though for .sani- 
tary reasons the porcelain basin and top in one piece is much to be prcierrerl 
The joint between the marble and the porcelain should be made witli plastm* of 
Paris, and not with oil putty, as the oil in the lattei’ stains the marble. 

The outlet from a lavatory basin can be arranged in several different way.s. 
There is first the plug and chain, a convenient and inexpensive arrangement, but 
which is open to the objection that unless carefully kept in order the chain is 
apt to get very foul. Plugs are now generally made of woodite, a material 
which is durable and better adapted to its purpose than any other. 
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Secondly; the ping can be fixed to a vertical spindle (fig. 271) which passes 
through a metal bracket or 
bridge in the back of the basin. 

The plug can be raised from its 
seat by means of the spindle, 
and by giving a quarter turn 
to the spindle the plug is held 
up. 

Thirdly, the basin can be 
emptied by means of a valve 
operated by the lift-up handle 
(fig. 268). This is perhaps the 
best arrangement possible, but 
is of course more expensive than 
either of the foregoing. 


standiiifT 


, what 
waste 


is called a 
is sometimes 


used. This is shown in figs. 



Fig. 289,-^Hellyer‘s “ Corbel” lavatory witliStandiug Waste ai)u Overflosv. 


mhi/ve^ ivotite. & overflow 


269 and 27'0. In this plan both 
valve and plug are dispensed with, and their place is supplied by a brass or 
white-metal cylinder which can be lifted 
out for cleaning. The top of the cylinder 
in fig. 269 is slotted to provide against 
overfiowing, or it can be kept short to 
answer tire same purpose. In fig. 270 the 
waste and overflow tube is placed in a 
laro’cr metal tube, but in some basins a 
pottery chamber is formed to receive it; 


these arrangements are not as good as that 
shown in fig. 269, where the tube is ex- 
posed and can therefore be kept clean 
without any difficulty. 

Fig. 270 shows an arrangement for 
admitting both hot and cold water through 
the waste-opening in the bottom of the 
basin. This is not an arrangement which 
can be recommended, as the water necessarily brings with it into the basin some 
of the soap and dirt which have adhered to the sides of the waste-pipe. 



Fit!. 270.— Seetiim of Lsiviitory Basin, showing combined 
Waste and Overflow, and Watijr>supi>ly through Waste-outlet. 
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A modification of tlie waste-valve and overHow lias been rceentlv 


in wliicii all the parts are easily accessible. .Ibis i-- 


is effected liv toriinii,U' a 



Vie%v. 



Xoag' Section. 

Kg. 271. -Simnks’s “lloilenV Lavatory, with easily aeoes.^iMo iailS-np astt- anT.l in* .-iS 





vertical recess in tlie back of the basin for the valve, a: 


sliuwn in bu;, ~71 


and by leaving tlie overflow-arm open at the top. 

The tip-up basin (fig. 272) eonsists (.if two parts, tlie liasin ir,-.oli, wh'wh, is 



Fig. 272,— "Tip-up’ Basin with Receiver and Trap, and with 
Drainers from Soap-diahes taken into the Receiver. 


hung on pivots, and t lie reeeii f'r, in in 
which till.', liasin is eiuplii’*! iv bning 
swung or t.i])]iC.d. Idie aiTaug'.'nieni 
is convcnii'nt, inasnnn-h a'-' fli*' bji-in 
is easilv and (juiekly (‘ni|iiieil m|‘ Iv- 
contciits, and there i.s nti valvi ns net 
out of order, ur clmin and plug -o bc’ 
lost. The olijcetion to it is ihar thi’ 
receiver, unless carefully and ivgti- 
hirly cleaned, becomes i^Ntrenn'lv foul 
from the continnul discharui' ol’soapv 
water, which dries on the surface. 


The basin, when released after Iseing 
lifted, falls back into its place and impinges on a buffer of india-ru})be.r. if 
this rubber buffer is mischievously abstracted (as is frequently the, case when 
basins of this kind are fixed in boys’ schools), the basin is broken. For these 
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reasons, the tip-up basin is only suitable for places where proper care is taken 
to keep it in good order. For public buildings, where there is a responsible 
person whose duty it is to see to the proper and systematic cleansing of the 
fittings, tip-up basins are most suitable and convenient; but it is questionable 
whether they are to be recommended for private houses. 

Whether lavatory basins should or should not be provided with wooden in- 
closures or casing’s, is a question the answer to which depends mainly on the special 
circumstances in which they are placed. In all such places as schools and public 
buildings, hospitals, workhouses, and the like, the pipes and valves are far better 
exposed to view than hidden behind wooden casings, as the inclosed spaces 
speedily become receptacles for all sorts of abominations. In private houses, 
where appearance and the absence of noise are things to he considered, a neat 
and well-made casing may often be desirable. From a strictly sanitary point of 
view, however, the independent uncased basin with every part open to view, is 
much to be preferred. 


CHAPTER IV. 

SINKS. 

Sinks are used for various purposes, and are made of several different 
materials. In small houses and cottages the one sink has to serve for all 
purposes. In it plates, dishes, and other crockery, vegetables, and the various 
vessels used in the process of cooking, must all be washed. For this purpose 
therefore a material that is at once strong, clean, non-absorbent, and inexpensive 



is needed. Stone is strong enough, but it can scarcely he said to be either clean 
or iion-absorhent, even in its hardest varieties. Slate fulfils all the first three 
requirements, ])iit is expensive, and is, moreover, liable to crack with excess of 
heat. The best and cheapest form of sink that is at once strong and cleanly 
both in fact and in appearance, is one of salt-glazed earthenware (fig. 273). A 
cheap hut slightly better kind of sinli; is made of cream-glazed ware (fig. 274). 
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The chief defect of these Idiids of sinks is a leiideuf.y lo vdisl -a- i v. a-; io 
and unless care be taken in seka-tiou, the outder may provr !■> a? 


point of the sink. 

A more expensive form of sink, imt on the wisulc 
house where only one sciilkny sink can lie atlbrded, is r 


the mf!Nt "'iUttilHl l‘*i' a 

iiar of enamelled fire-elay 


or porcelain. These sinks are nnuLe in the same voi}" and ul lies oota' 



as the fire-clay baths, and if properly used an', of givai ibunbilirv ami ctny 
in appearance. They are freipiently damaged by Isaving lieavy 5o.in 
knocked against the sides or bottom, the enamel iH'ing «'!iipped ms. If h u'>n n 
common complaint, that chinaware is liable To bi' liroken whm In-mg washed ni 
a porcelain sink. This sort of damage is little (if any) moi-e Halm.* in ncrur m n 
porcelain sink than, a stone one, but iiie- remedy in both ruses is liie .-umm vi/t, 
to wash the crockery in a wooden tub jihieed in the ,dnk, and after \v;mlung to 
place the pieces on a wooden drainer. 

Poreelain-enameiled castAron sinks nve also used fin* scullery wot'lw hut arc 
not equal to the fire-clay sinks. Tlie enamel is mui’h more mmily ilainuged tliun 
that of'the fire-clay sinks, and when once the iron is exposed, oxidaiioij rapidly 
occurs, an^ the ap];)earance and A^alue of the sink quickly dtderim‘at<\ 

Wood sfeks lined with, lead^ (fig. 275) are commonly fixed in pantiles and in 
housemaids’ ‘plosets. The advantage of the lead is that, compared with iron, 

\ fire-clay, or stone, it is soft, and therefore 

/fjPr , fragile, things, such as glas.s and eldmu, 

, 1 .! — are not .so lialde to be lirokeii by emitact 

1 with the sides or Imttom of tie* sink, 
d ■' Pfi ■■■F 

3 d| . w The chief disadvuntaire is that tho. lead 

d Cl 

3 : readily e.xpamhMl and e.outrmded Ire 

' Fig, 276.— Wood sink >g Crockeiy. tllC application ol llOt mid eold \'t U.te!', 

\ iand the oonseqiienee is ofimi a wrinkling 

or corrugation of the h'Smi, which is objeetioimbie. The reined}^ is to maki* 
the bottom of 10 or 12 ms. lead, and the sides and ends of 8 lbs. lead, d’he 
hottoin lead is lapped over the sides and ends, and the angles formed to a regular 
hollow mth solder. The lead should he returned on the top edges of the sink 
and coyhred with a capping of oak fixed with brass cups and screws. 

M alternative to the lead is tinned copper, but this is a harder and more 
exp^pLve material. 

^^^r large houses where the number of sinks is not limited by considerations 
•' 0 f(^||ense, separate sinks should be provided (1) for washing vegetaliles ; (2) fi>r 

' . : ' ^ For the method of lining wood sinks wdth lead, see pp. 817 and 318, § V. 
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cleaning copper and iron cooking utensils; (3) for washing crockery, glass, and 
silver. Sometimes sinks are required in nurseries, dairies, and for other special 
purposes. 

1. For washing vegetables gal vanked-iron sinks are generally considered the 


best. They should be from 
18 to 20 inches deep, in order 
that green vegetables may 
float at the top of the water 
and the grit and dirt fall to 
the bottom. Such a sink is 
shown in fig. 276, with a gal- 



vanked-iron strainer and stand- Fig. 27(i.~Galvanize(l-ii'oii Sink for W.asliing !Metal Utensils. 


ing waste in one corner. Cast 

iro.ii sinks may also be used for this purpose, either finished Wack, or gah'ani;icd, 
or porcelain-enamelled. 


2. Gal vani zed-iron and cast-iron sinks are also suitalile for washing copper 


and iron cooking utensils. Sinks for this pinpose vary somewhat in size 
according to the amount of work to be done, hut should be about 2 feet in 
depth, and the outhit of the waste-pipe should he kept 6 indies above tlie 
bottom of the sinlt, in order to prevent the sand used in scouring pots from 
lieing washed down into the drain. Iron sinks should always he flu.sh riveted 


inside. 

A word of caution is necessary with regard to the use of gah''ani.ze<l-iron 
sinks under certain circumstances. When the water is very soft (as it is, for 
example, in Glasgow, Sheflield, and Torquay), iron must not he used. llie 
action of this class of water is to eat away the zinc and iron, and this at so rapid 
a rate that twelve months will often suffice to wear out the bottom. Iluder 
conditions such as these, the sinks for the purposes refciTed to above sbonld l.>e 
made of copper, or lined wdth it. 

3. For washing crockery, glass, and silver, the best kind of sink is one made 
of w'ood; and the best kind of wood for the purpose is selected (or '*picke(T') 
American birch, hut pine, teak, and sycamore are also suitable. The sink is 
constructed, as shown in fig. 277, with wood 2 inches thick, held together liy 
galvanized-iron bolts and nuts, the joints being tongued and grooved, and filled 
with a thin layer of red-lead and rushes. In very large estahlislimeuM, it is 
convenient to have sinks for washing plates and dishes arranged in pairs, one 
being for washing, and the other for rinsing. These sinks should be about 2 feet 
6 inches long, 1 foot 8 inches wide, and \ foot 1 inch deep. For houses of more 
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WM foi' tiloaiiing ill all it;^ partn. I'hi'vc ara si‘v<'i'al 
} m methocis of arranging tluj overflow and waste. I’ho 

/ ^ ill ordinary plug-waste and overflow for a lead-liiH-d 

wood sink are shown in fig. 2-78. in a east-iron sink 
(fig. 279) the waste-outlet is tdosod by an oi’di!];uA- 
rO brass plug and washer, and the overflow i.s eurriial 
away through a series of slots hy a sf>rt of b\‘~pass 
Fig. 27s.-riug.waBteaiid Overflow from formed m the end of the sink, to tiie waste-iiliK* ‘nmt 

below the plug. The overflow arm in this case eaniiot 
be properly cleansed, and is therefore liable to become offensive. 

Fig. 280 shows a section of the overflow in a glazed flre-clay .sink, widt.'h is 
an improvement on the last, inasmuch as the overflow arm is eontiniicd up to 
the top of the sink, and can be cleansed hy means of a long brush. 


moderate size, a depth of 1! inches is sufficient For wasliiiig gla.-.', :n*- 
class of crockery, and silver, a sink about 2 feet long, 1 foot 6 inrlif?"’ whlv. and 

9 inches deep is a f'onveiiieiii 
^ . Slate sinks are iis«3fiil for steep- 
ing salt meat and for pi,ekliiig 


hams, but , are not , to !';>e ree.oin- 
mended for Avashino’-uTi p!iri:>ose.s 
on account of tlieir liabilitj to 
split with hot water, and tlieir 
tendency to leak uiile.ss sii|)|:>orted 
on solid lirick piers. 

The g’lazed flre-eiay sinks ai* 
rea-dy referred to ar<3 .mo.st a|i|:u*(>“ 
priate for Jandm’ aiuk dair}' use, iiud 
for cooks’ siuks. 

Nursery sinks are liest,; .-matle 
of white enamellctl pcaHadain wai'in 
They shoukl be aliout 2 foet luiiir. 
1 foot 2 inches wide, and 6 inches deep, inside measurement. 

All sinks, except the shallower kinds for scullery use, and the cheaper kind.-^ 
of stoneware, should be so fltted up tliat they can be filled with water, and it is 

also convenient that arrangement should bt' nualc for 
permitting the water to rim through coiitlitiiously. 
For these purposes an overflow orifice is necessary, and 
it is most essentiffi that this shcmid be readilv aecessible 


Fig. -277. —Wood Sink f(3r Washing Silver, Ac. A, the Framework ; 
,B, fche completed Sink. 
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Fig. 281 sliows an arrangement that can be adapted to any kind of sink,, and 
one in wdiich the overflow arm is entirely dispensed with. The funnel, which 
can be made either in nickel-plated brass or tinned copper, acts both as overflow 



and plug, and can be readily lifted out by the ring at the top. To guard against 
breakage by impact against the funnel, and also to prevent floating substances 
escaping into the waste, a tinned copper strainer can be fixed round the funnel. 
Another plan is to form the overflow in a sort 
of projecting recess, somewhat after the manner 
of the lavatory shown in fig. 271; this is an 
arrangement peculiar to glazed fire-clay sinks. 

The form of grating to he fixed in the 
waste-outlet of a sink should be carefully pro- 
portioned to the area of the waste-pipe itself. 

For example, if the waste-pipe be 2 inches in 
diameter, the sum of the areas of all the open- 
ings in the grating should equal the area of the 
2-incli waste-pipe. For this purpose the mouth 






Fig. -280. — Suction of glazed Fire-clay Sinfe, showing Waste and Overflow. 


,PLAN 

Fig. 2St.— -Plan awl Section 
(if tinned cojjfter .Strainer a!i<i 
Standing Wasie. 


of the waste-pipe between the outlet and the trap should lie widt;ued out to 
give the requisite surface. A yery common fault in waste- fittings is that the 
free -way of the outlet grating is much less in area than the area of the waste- 
pipe, and in consequence the discharge of tlie water (wliich ought to be ns rapid 
as possi.ble) is slnggisli, and ueitlier the sink nor the trap gets the scouring-out 
wbich is so desirable. 
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Fif'. 282. —Section throuffli glazcii-waiv Slop-sink witli 
Musliina-riin sinU Oriii. 


The sinks described above have all beeiT for the purpose of wasliiug iitensilB 
used for food or for its preparation. Another kind of sink hns now to lic 
considered, viz., the slop-sink. The use of a slop-sink is, in dwelling-houses, ior 
the emptying of bedroom slops, and though it is far better to arrange tin- water- 
closet in such, a way that it can be used for tliis purpose, it beeoines sonienines 
desirable to use the former. A convenient arrangement, wlicre sutiicient space 
is available, is to fix a slop-sink and wash-up sink side liy sidt% \citli tlic wa.ste 

from the latter discharging into tlie for- 
mer. These sinks are made in glazed 
fire-clay, which is probably the best aiid 
cleanest „ material Ibr the purpose. Tliey 
are also made of cast-iron, finished inside 
with porcelain'-' enamel." ,■ The ■ wasli-up" 
sink', serves' also' as a, ,draw-oiii sink"' ibr liofc 
■■and -cold ' wate'i’. ■• Tire' was't'e-pipe 'from, 'U' 
•slop-sink 'Sliould • irnmrialjly be • ■treated'' in 
■'the. same, marineiv as'' a 'soil-pipe .from, a' 
water-closet,'' and' the 'sink itself'' simiikl 'be 
provided with a .fiusliing-rmn as .shown in 
fig. 282, to which water sliould be laid on from a fiushing-cistern of at lea.st 
2 gallons capacity. 

In form a slop-sink should be either round or S(juare. If the latter, the 
angles should be well-rounded, and the sides and bottom .sloped to the outlet. 
They should of course be provided with a trap, wliicdi may (;ither \n>. of lead or 
of iron, enamelled white inside. This trap must be safeguarded against sypht.iii- 
age, either by being made in the “ anti-D” form, or by being pro\-i(h?d with an 
anti-syphonage pipe. 

An apparatus designed hj Mr. J. J. Lish, an architect of much, c'xpcrienee 
and repute in the north of England, may conveniently lie described .here, tis it 
combines in itself the following features: — 1, a water-closet; 2, an automatic 
ventilator; 3, an urinal; 4, a lavatory; 5, a drav 7 -off sink; 6, a slop-sink; 7, a 
fountain or rising donche-bath. 

The water-closet itself is made in the form known as tlie wash-down or 
“ hygienic”, and in itself presents no features of an unusual kind. At the back 
of the seat is a high wooden casing, which forms a ventilating shaft, the upcast 
current of air being assisted by the hot-wuxter pipe which is contained therein, 
and also by a gas jet placed here for that purpose. A reference to Plate XII. 
will make the disposition of the various narts clear. Immediately above the 
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^Y.o. basin is an upright slab of porcelain, which serves as the urinal back. The 
seat of the w.c. basin is hinged to the panelled upright back, and the latter is 
hinged at one side. To expose the urinal for use the seat is turned up against 
the vertical back, and both are then opened together like a door. The urinal 
is flushed automatically at each usage with the contents of a half-gallon cistern. 
The flushing-pipe is shown at G in the section. Above the top of the urinal 
back is a nozzle, which communicates with both hot and cold water-pipes by 
means of taps. On to this nozzle a rubber-pipe is fixed with a Eoyle joint, and 
supplies water (either hot or cold, or both) to the fountain or rising douche-bath, 
which is made to fit on to the top of the w.o. basin. A basin, which fits into 
the rim of the w.c., is also supplied, which can be used either as a washiiand" 
basin or as a bidet; the water being drawn from the nozzle on to which the 
fountain bath-pipe is slipped. 

The use of the apparatus as a slop-sink is sufiiciently obvious to need no 
explanation, and hot and cold water are of course both readily accessible. 

The action of the ventilation-shaft is such that a current of air is continually 
ascending from the drain or soil-pipe side of the trap, and from the surface of 
the basin to the outlet. Thus both sides of the trap are continuously air-washed, 
and any vitiated or ofl:ensive air in the w.c. is regularly extracted, Unfortunately 
no specimens of this most interesting invention have yet been fixed further south 
than Edinburgh, and the foregoing description has had to be compiled from 
diagrams and -written information, and without reference to the actual thing. 
Enough has been said, however, to sho-w that the apparatus is one of great merit, 
and, if in practice it fulfils all that its author claims for it, it is the nearest 
approach to a sanitarily perfect closet that has yet been made. 


CHAPTER V. 

WATER-CLOSETS. 

A glance at the history of the suliject shows that the use of water for the 
convcyaiscp of iVe(?al matter from latrines is a practice of very considerable 
antitpui)'. Sir I'ohii Simon says that in Rome public, lalrincs were in gcneial 
use under Anguhtus, at any rate for the male sex: — That at least some of them 
(i.(\ latrines) discharged into the sewers is known from the language of con- 
temponiry writers; and that at least vsome of them more or less resemhled the 
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troRgh out own time, in liaving an ample water .si*r\ice Ip- wltiVJ^ 

tJieir contents were to tlie sewers, seems proven )>y iIh*. I;?« i rhal 

apparatus of the kind lias in several cases been dkcovei-i.-d in the rtuiKiin- <U 
rompeii.’’^ Mr. Hellyer, in hiB Ledmres on the Art of Sat\iff(r!j 
cites an example from Fosbrooke’s Encyclo}7edict oj AidmjUttier^ oi c. watm - 
closet in the palace of the Gmsars which was furnished with a cist<?i*n, jrcim whieii 
water wms distributed by pipes to several seats. 

At the monastery attached to Canterbury Cathedral, Professor W illis tmcecl 
the exact position and construction of the “third dormitory’ t}r />.<’iM^ssffriuni. 
The privies or closets were arranged in a row along one side of a great hall, fiiid 
immediately under them ran a fosse or open sewer. Into this fo-se nr sewer, 
the rain-water from the roofs, and the overflow from tlie series ot‘ tnnks by wldeb 



Fig. 283.— Section of an 
EigMeenttit-centuiy W' ater-closet. 


the monastery was supplied with water, were led, thus forming whet must has'e 
been a faiiiy-efficieut trough-closet. Mr. Heliyer, in the leerures (junti'd nbovr, 
refers to an early form of water-closet mentioned in Aubrey's “ Sui rti} '*. At Hir 
Francis Carew’s, Beddington, Surrey, Aubrey “saw a prettv mat'liine tn ('h-an.-e. 
an ‘House of Office’, viz., by a small stream of water no luggi-r than nneV, lingvr, 
which ran into an engine made like a bit of a flre-sliovel, whii-h hung uimn its 
centre of gravity, so that when it -svas full a considerable (piantity uf wat*T fl’ll 
down with some force and washed away the filth”.- This a})]uontus. frnni its 
description, must have been curiously like some arrangements tt.» be met' with 
abroad at the present time. 

Fig. 283 shows an apparatus that was probably the usual form in use during 
the last century, in tlie house.s whu'h wert* ]snssi'sse«l of 
such luxuries. Tlie pan was niade of iiMiidde, aiici tlie 
outlet was cioseil by a wedge-shaju'd ping h. altarhed to 
which was a long handle; the water wa.'< .'uhnitted by a 
service-pipe c, and its height in the |)an ri'guhiti'd by jiu 
overflow-pipe i>. No trap was fixed umhu' tlu- pun. am! 
the soil-pipe, iinventilated, was cfirrieil direct 1 ft t In* d rain. 

An improvement upon this apparatus was the mlve-eloset, wiiieh, in various 
improved forms, remains in common use to this day. Thougli one iir two 
apparatus were designed and patented before Bramah prtxiuced bis widldviiown 
closet, thej' need not bo referred to further here. Joseph Bramah, u- oabinct- 
maker, took out a patent for a valve-eloset apparatus in 1778. Thi.s a]>puralus 
was the parent of all the succeeding closets of the valve-type, and though tliere. 
may he little of Bianiah s detail left, the le^ing principles remain tlie .sfimc. 

i E7u/lish Sanitarij histitutimis, by Sir John Sittioiiu a Heliyer. op. dt., p. 
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over- 


Fig. 2S4.— View of Bramah's Water-closet. 


i''ig. tHo. —Section of Pan-clnset. 
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Fig, 286. “Section of ‘■D”-trap. 


imfitaiess. Perhaps the chief defect is tJiat in the contain er iJici'c i.< u very la rye 
area of nietal, -which is exposed to contaminntiuii 1>>' splasliiiig ar cH'ery d;-^cii;u--i‘ 
from the basin, and for the cleansing of whuh no jn'ovi.dun what,.‘Yer rxi,o.>. 
The whole surface of the container, and the bottom ainl. ol tie- j-'an, nj-o in 

course of time almost entirely covered with filth. That tlii.s is iu.» cvagge]-atii»n 
may readily be proved by aiiyonc who will he at the paiii.'^ fo examine aii oj.I 
pan-closet, which has been in use for a few years. lieri tin? pan is lowered, 
the whole of this foul surface becomes exposed to the air of the liou.^e, a.nd the 
resulting effluvia are better imagined than de.scribed. 

The “D”-tpap, referred to as usually forming a fourth paid of tlm pan- 
apparatus, is not an essential adjunct, hut is almost invariably h)uud in enn-. 
iiection with it. It is, as the diagram (tig. 286) .shows, a reecptacle or imp 
formed in lead, ami nmghly in the shape of the letrer If 
xV short piece of lead pita*, «!oniieeted to tlie bottoin (if tin 
container, passes through the top of tliC3 l)-ti\ap 
continued down until the iiioutli of it is an ineli or 
so below the liottom of the outhd-pipe. iEveiything tliere- 
fore which passes from tlie closet is discharged into the 
trap below the standing-water line, and thins a water seal 
is obtained. The form of this trap is peculiarly hn’ourable to the ilepo.sjt of 
faecal matter on all parts of its surface; more particularly on the edges of the 
dipping pipe and along the bottom. Seyeral examples, sliowing more or le.ss 
deposit, are to he seen at tlie Parkes hluseum ol‘ Hygiene, London, Another 
common arrangement, which added its cpiota to the insanitary conditions of 
this closet, was that the \vaste-pipe from the sale under the. a])puratus was I'om- 
monly conducted into the hack of the i)-trap, somethin's behnv the water-line. 
iHtogetlier the pan-closet and D-tra]) present a. typical example of nearly e.\m‘y 
kind of fault which can be accumulated in one apparatus. 

To return to the valve-eloset. It must be conceded that there are eiveunn 
stances which justify, if they do not compel, the use of a vaiy e-apparatus. For 
the best water-closets in priyate houses of the better type, and generally for 
closets intended for ladies use, the yalye-apparatus possesses advantages over 
the wash-out or wash-down closets, which will be described later on. The large 
body of water contained in the basin is a distinct advantage, and the quiet 
working of the apparatus is also of great value. But if a valve-apparatus is to 
be fixed, it should be the best obtainable. A cheap and himsy valve-closet is 
only one degree better than the old pan-closet. 

There are several forms of excellent valve-apparatus in the market, and it 
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will be best to set forth briefly the conditions which sliould be fulhlled (fig. 
287). The water should be admitted to the basin all round the rim, and 
not by a fan-spreader. The overflow should iiave a, wide, open mouth, in 
surdi a position that the whole can be readily cleaned, and should be properly 
trapped and thoroughly flushed out at every use of the basin. The working 
parts of the valve should be simple and strong, and the interior of the valve- 
box should be porcelain-enamelled. The valve-box should be ventilated, and 
the overflow-arm should be connected into the ventilating pipe, so that the 
part just above the opening into the valve-box may be flushed regularly. 
Underneath the valve -box should 
be a lead trap, to cut off air- 
connection between the closet and 
the soil-pipe. The ventilation - 
pipe to the valve -box will pre- 
vent the trap from syphoning out 
when the contents of the basin 
are discharged. 

Many water companies now re- 
quire ^'alve- closets to be fitted 
with waste -preventing valves or 
with cisterns providing for a 
limited flush and after -flush. 

Fig. 288 shows LamberFs waste- 

, .... , Fig. 287.— Section of flellver’s “ Optimus" Valve-closet and 

preventing valve, winch is approved Slop-closet: .1, Section of Down-right Overflow. 

by the Metropolitan Water Board. 

The apparatus may be said to consist of two separate valves, — one for flush, 
and one for after-flush, — and tlie action depends on the head of water. When 
the lever is raised, the upward pull of the diaphragm 1 temporarily removes 
the pressure from the diaphragm seat 2, which rises with the pressure under it, 
and allows water to pass out through the outlet 3, Gradually water enters 
the chamber between the diaphragms through the regulating pin and presses 
the diaphragm seating 2 down, independent of any further action of the hand- 
pull. This is the waste -preventing principle of the arrangement. Surplus 
water between tbe diaphragms is driven out through the non-return valve e, 
by the pressure of the weighted lever of the pull when released. The area of 
the top surface of the seating diaphragm 2 is greater than the under surface, 
both being open to the same pressure per square inch. The larger sur&ce, 
therefore, takes the greater total weight, and to this the effectual seating of the 
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valve is due. Tlie seating pressure is maiiitaiiied by way of ilu- regujaung 

pin D. Tlie after-tJusli valve is similar in piiiieiple ami delaii, bail jun.'-i 

necessarily come into action iiiier the haiidlo is droppeci, a,'^ it; dcpaiai.-' ita- ns 
action on the reAVirse niovement of the short end of the icA'or bi.*}t/hd 

fulcrum. The adjustment of the ])m d regulates tlie diuirithm o!' ine- ibo-h.. 

Both the noii-retiim valves f and H allow water to le;ive. but, U'.n; d* 
chambers between the diapliragms. 

The plug or plunger closet consisted originally of ;i Ifasiii. at one sid*- 
which was a chamber in which was a plug witli a liolJow lianiile, Sfuadd 
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Pifc. 288 .-.Lambevt‘f. Waste-prfiventinu; Vrtlve Valvt.'-clnM'tf!. 

the water in the basin rise a])ovc a ceriahi point, it wtudd Jlow down the 
hollow space in the plug-handie, which thus became an overllow. The plug, 
on being raised, allowed the ^vater in the basin to liow out into the tra]) below. 
The plug-chamber and the plug itself were lialde to get fouled and become 
offensive. The overflow arrangement also was obviously open to the same 
objection. In the improved form the plug-chamber is abolishedj and an over- 
flow-arm substituted for the hollow plug-handle. These are substantial iin- 
proAmments, but the objectionable plug still remains. 

A modification of this apparatus is the trapless or ‘‘ twin-basin cIosetT 
This apparatus has all the objectionable features of the original p)lug-closet, 
combined with the added defect of there being no trap under the outgo. The 
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closet is formed of two compartments, divided from each other Ijy a se]:)tum or 
partition, which dips into the Avater, but allows a free passage between the 
two. The larger compartment forms the basin, wliile the smaller contahis tlie 
plug and a ball- valve for regulating the admittance of tlic water. 

The next class of apparatus to be considered is one in wliicli. the water used 
for hushinn is the waste- water from a sink or siidvs, and the particular kind 


Floor Hr A 


asO.--Plan and Section of Duckett’s Autuiiuitic Sli.)i)-\viitev Closet. 


we propose to describe is that of the “tumbler” or “tipper” closet. The 
advantages claimed for tins kind of closet are: (1) tliat they are lir^s cxpcn.sive 
to fit up than any otlier kind; (2) only slo]:)-wate]’ is used for flushing, and no 
charge can be made for water-rate in respect of them; (3) they are not affected 
by frost; and (4) they are, with fair usage, not liable to get out of ordei’. They 
are, however, only suitable for out-door closets. The tipper or tumbler can 
be fixed either immediately under the seat, or at a distance. In the first ease, 
the seat must be fixed in such a position in relation to the siidv as to allow 
sufficient fall for the water. The second arrangement is applicable where there 
is not sufficient fall to allow of the formei’. 

As an example of the first class, fig, 289 shows a plan and section of Duckett’s 
patent automatic slop-water closet. Tlie apparatus consists of a circular pedestal 






SANITARY FITTINGS. 

below this is a basin, .d, into wlikli the box, B., eon-* 
.tlier (lirer.tly or by means of tiice. f;lRiin-pi|:M^^ 
of 'Ordinary 'forni, G. 'Riid ''aroiiiid^ , tli€! 
sort" of . shallow cha-iiiiel all , roiiiid,' 
eausiiia’ a sort of wliiiip'iol action to the 

of the basin ■■evevy- 
thing ''that is dc^posited 'by; 
legitimate , nse. ■ . ' The capa- 
•city of the 'tipper, is 3 gal- 
loiivS, and its action is per- 
fectly a-iitoinatie, , The slop- 
ing paii.F, is not so good: .'.a' 
.form: as the, lipright: ,'pecle.s- " 
tab.miid. Mnay " be'',, replaced':' 
'by ''a , 'second', 'vertical"' .'paii.;'' 

is ' ' t'lic*", ',gra.,te" '.'ovt'O' ■ ■ wh ic,*h',''„' 
tlie''Sittk“,'Wi,iste ' 'discl'uirgesv' ' 
Allot luvr good example 
of this form of {-htsct is 
't}at'es''''an,d., 'Green 'S'-t'Skrdy ’ ■ 
waste-water closet (fig. 290). The general form is %'eiy similar to the ibre- 
going, the chief ditlerence ]>eing that a slight dejn'ession in ti>e ]>an, i:% under 
the pedestal takes the place of the annular arrangement in Ducket lb closet, n 

is the tipper, d the trap, and a the pedestal, on wldih tlu^ wtiod seat, k. is 
fixed. 

Other forms of slop-closets, differing somewliat in detail, but- all designed 
with the object of utilizing the slop-water of a house for ffusliing puipioscs, max' 
be seen illustrated in a very interesting and valuable llefiort bv Dr. i’ar.<ous on 
Slop-closets and Trough-closets 

The trough water-closet is one in xvliich two or more closets discharge into a 
common trough, vtdiieli is emptied from time to time either aiitomati(;ally or by 
puiling up a plug. In the automatic kind, the water is maintained at a ('nnstaiit 
level in the trough by means of a weir, and flushing is effected liy a cistern 
furnished with a syphon. Fig. 291 shows Shanks’s Tubal range of latrines with 
isolated basins 2 feet 6 inches from centre to centre. The whole arrangement 
is made in glazed earthenware, and the cistern is provided with, an automatic 
syphon. Latrines of this kind are specially suitable for sebonk. and fn-r r.bn.o« 


taming the tipper, a, opens — oi' 
shown, The basin is set on a syplion-trap 
outlet is a raised rim or stop, whicli forms a 
This arrangement has the effect o:{. 
water discharged from the tipper, and effectually clears out 


fLooff im 


Fig, 290.— Section of Oates anti Green’s “Skroy" Waste-water t’Uiset. 
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where ordinary arraiigemeiits for flushing would be likely t;o be misused or 
altogether neglected. For factories and for blocks of buildings inhabited by 
the rougher class of labourers and the like, they are eminently fitted. But 
wherever used, they should be out-of-doors, and have the most careful and 
constant supervision. An apparatus in which fsecal matter is of necessity kept 
for some time, is one which obviously demands to be used with discretion and 
kept with care. 

Besides the apparatus illustrated, there are several forms, both in castdroii 
and in enamelled or salt-glazed fire-clay, many of which are equally fitted for the 



purposes they have to serve. The important points are that there should be 
a suflicient quantity of water in the trough or pipe, but that it should not be 
wasted; and that the periodical flushing should be automatic, and quite beyond 
the control of those using the closets. The closets should also be separated one 
from another in the trough itself, by partitions dipping into the water. This 
can also be managed by providing each closet with an ordinary cone-shaped 
basin, the lower part of which dips about inches into the water in the trough; 
or as in fig. 291, by separate basins connected to a pipe which is ke])t full of 
water except when the syphon is in the act of discharging. In the earlier types 
of trough-closet this separation was not effected. 

We have now to consider what, for want of a ].)etter name, may be 
called “ non-meehaniear’ apparatus. The difference consists in this: that 
in the mechanical class, such as the valve- closet, the arrangement for 
controlling the flush of water is in close connection with the basin and forms 
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part of it, wliile iu tlic latter the mechaiiieai parts are connected wiLli a ej.-terii 
and form no part of the basin or closet. The various apparatus corning mule] 
the head of non-mechanical” comprise the following: hopper, wash-out, wa.>{i- 
down or short-hopper, and syphonic. 

The hopper closet, now happily almost universally eondemned, consists oi i 
long funnel-shaped basin with a trap underneath, its means of Hushing lining i 

turned on occasionally or more olden lea kin, i 
the cleanliness of the basin or the eon- 


dribble of -water from a small pipe 
continually, with no perceptible effect on 
tents of the trap. 

It will be convenient here to see what the Model By-laws of the Local 
Government Board prescribe as the necessary conditions for a. sanitary water- 
closet. Every -water-closet must, according to these by-laws, be provid(’d 
with“^R»ti, basin, or other suitable receptaele of non-absorbent rnateruil, rntd of 
such shape, of such capacity, and of such mode of constructum, as to receire 
and contain a sufficient ([uantity of waterfaml to allow all filth ■which may 
from time to time he deposited- in such -pan, basin, or receptacle, to fill free if 
the sides thereof, and directly into the tvater received and contained in such 
pan, basin, or recejotacle" . From this regulation, it is perfctdly (Fair tliat a 
basin of the long-hopper type is cpite inadmissible, inasmuch as it (;oukl not 
comply with the important condition that filth should fall clear of the sides. 
Em'ther, it is impossible to wash out a basin of this type by any ordinary ineuns. 

It was to provide an efficient substitute for the long-hopper closet that the 
-wash-out closet was devised. This closet (fig. 292) consists essentially of twr> 

parts, the "basin and the trap, which art* 
either made, separately or iu one pitu'c <->r 

I - earthenware; sometimt's a jiuu-tion is 

\ ' I formed, as at a in the il lust ratio! i, tt> 

' \ receive a trap-ventilating pipe. Tlu* 

' — P is made to contain a smtill tpiautity 

^ water, into which the dejecta fall. In 

'I ' order to Hiisli out closets of this anti 

succeeding type, a jet of water im- 
pelled with some force is required, and 
this is usually supplied by means of a 


no OR 






Fig. 292.— Section of Wasli-out Closefe. 
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offensive. The flush of water is not sufficient to clear out the basin thoroughiy, 
and is of course quite inadequate to clean out the trap. The consequence is 
that the bottom of the basin is frequently stained, and the trap is free 

from filth. These defects render 

this form of closet most unsatis- ^ / \ 

' The wash-down” or “short- ^ ^ ^ 
hopper” closet (figs. 293 and B 

294) is probably the best for ^ p : 

all purposes that can be bad. ^ 1 

The essential difference between ^ i 

it ^ and the wash-out closet is ^ ( i ^*| 

trap is independent of, and B ^ 4 j 

iniderneatli the basin, in the ^ ^ ^ ^ 

former the trap is a coiitiniia- M 11 „ 

tkm of the basin, and forms an ^ / .. . 

integral part of it. The flusb mg. m--soction 
is applied in the same way, and 

in the best forms of the apparatus enters the basin both from a jet and round 
the rim. The method of connecting an anti- syplioiiage pipe is shown at a in 
fig. 294. In the two closets shown in figs. 293 and 294, the first lias a curved 
back which is kept back to the line of the flushing rim, while the other, wdueb. 
is perhaps the better, has a vertical re- 
cessed back, but this involves the dis- 

advantage of bringing the basin farther 

out from the wall and so occupying more j 

space. Some makers have even gone the 

very unnecessary length of covering the | If 

outside of the basin and trap with raised j j [( 

ornament, sometimes of a very elaborate jli — \ 

type. Such an addition to a water-closet — ^ | ^ — 

is obviously out of place. The outside 

^ ^ IT Fig. Soction of Sliai)l?K"s “ Mtideni ” PiHifstal 

and the inside alike oi the closets shoiikl wsiah-.iGwn cioset 

be as smooth, and, if of porcelain, as 

white as they can be made. Closets made of fire-clay are usually buff outside 
and white inside, because there is some technical objection to white enamel 
being used throughout. The chief point to bear in mind in choosing a closet 




Fig. 2!>i.— Soction of SlijuifeK'.s “Jitideni” Ptdfstal 
Wash-down Closet, 
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is to see tliat tlie form of tlie basin is such as to allow tlic fa-ccs to dro]) int<. 
the water without striking against the sides of the basin, and ilnit tlu; v. Imle 
contents of the basin and trap are completely expelled by one discharge of the 
hushing cistern. 

Two otlier forms of wash-down closet, known as the “Gorbcd’', and patcjited 
by Mr. Hellyer, are illustrated in Plate XlII. They are examples of <“loset.s 
which are quite independent of the floor. The fire-clay “ Corbel ” is made in 
one solid piece of fire-clay, and, like the lavatory basins of the same maker, lias 
a flange of fire-clay, which is built into the wall and forms the support foi' the. 
basin and trap. In the lead-trap apparatus the basin is made in fire-clay or 
porcelain, and is supported by a flange built into the wall in tiie same way as the 
other type, but the trap is made of lead. The great advantage aimed at in Imth 
these apparatus is the free floor-space for cleaning underneatln Jt i.s. howioan’, 
gained at the expense of some additional cost, and is on the whole nioi'c ^-uitaliie 
for hospitals and large institutions than for private houses. Tlie drawliiu'k to tlie 
lead-trap closet is that it is difficult to see whether the lead-h‘a,[} is ch^an or noL. 

Closets of the wash-dowm or short-hopper type are imale l)y sev eral malcers, 
with porcelain trays at the top, in order that they can be used as sh)p-^ink^. 
The ordinary pedestal-closet is also well adapted for use as an urinaL and i.- 
indeed much more suitable for the purpose than many of the iiiinai-ba.sin.s 
specially designed for the purpose. 

The syphonic-aetion closet is an attempt to combine the mhuintages of the 
valve-apparatus and the wash-down closet. Tlie basin holds water with a largnr 
area and greater depth than can be obtained in the iattei’ apparatus, hut no 
mechanical appliances are needed in connection with tl}.e basin itself as is tla‘. 
case with apparatus of the former class. The principle of tlie ajipuraln.s i:-^ 
that the contents of the basin, instead of being forced out by a jet of water, inv 
' syphoned hut. The long- leg of the syphon J> (fig. 295) is filled with water, 
and, when the air above the water-level at the outgo of tlie basin is partially 
exhausted, the atmospheric pressure on the surface of the water in the basin 
starts the syphon in the usual, way,. The contents of the basin are then carried 
through the trap . o into , the soil-pipe E. ' The apparatus illustrated is that 
patented by Messrs." Jennings & Mprley, and is called blie ‘‘Closet of the 
Century”. Another, form of the same type of closet is the “Dececo”, and yet 
another is Bolding’s patent “ "Laydas” syphonic-actipn closet. The only possilie 
, . defect in this type of apparatus is - ft might he possible to syphon out not 
' ■ only the basin but the trap. But in .the form chosen for illustration this appeal's 
. to be amply guarded against by the anti-syphonage pipe b* The flushing of tlic 
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Fig. 29ii. -.Tenninas*. Morloy’s Hypb'Miir Waf<, r-clos«*t. 


basin is also provided for by tlie arrangement for diverting the supply of water 
partly to the syphonic arm, and partly to the flusliing rim of the ])asin. This 
very necessary safeguard is 
not provided in some other 
forms of this apparatus, 
and the obvious result of 
the neglect of this precau- 
tion is that the basin is 
never thoiuughly cleaned 
out. 

The subject of seats 
and easing’s to water-closets 
must now be considered. 

The question of the desira- 
bility of casings to water- 


HiJi.qe.d Jcfrf. 


rL.QOn 


INt 


closets has been 
alluded to in the introduc- 
tory remarks in this sec- 
tion. A well-made casing 
to a water-closet, especially 
if tlie apparatus is of the 
valve -type, is certainly 
neater and more sightly 
than the cranks and levers 
of the mechanism itself It 
serves, moreo\’er, the uselul 
purpose of deadening the 
sou.nd caused by the use of 
the apparatus ; and for 
ladies' use it has certain not 
unimportant advanta,ges, 
which need not he more 
particularly specified. In 
mansions and in iiouses of 
the more expensive type, where the best workmanship and materials can be 
applied, it is certainly desirable to incase the best water-closets. But in all other 
cases, unless tlie work can he done in the best "way, it is better to have a simple 
rim seat, hinged at the hacA. If the plain rim seat . following the curve of the 
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asy to carry th(‘ seat <01 braitkeis Jixetl on i.‘iiiier 
wliolc wkltii of tlic rios.t't. 

Tiie proper method of making’ a perfect joint 
between the poi’c.elain or tive-«*h‘i\‘ outgo of a 
wash-down water-tdoset. and the lead Isranch to 


Half 

Elevation. 


Half 

Section. 


Hortlcaidjm 

Cem.ent~W^ 


, Oftxlet of pottery 
closet nieraLizcE. 


Brass ^ 
Thvnible. 

Solder joint 


Inside hand, 
of Solder Joint 


LeaA _ 
Socket 


Fig, 298.— Joint between Earthenware Outgo of 
Closet and Lead JJraneh of Soil-pipe, as required 
by the London County Council. 


-Doultou’s " Metallo-eerainic ” Joint between Earihemvarc and Lead. 


the soil-pipe, is a point of great importance and not a little diiiieuity. The 

joint required by the regulations of the London County Council is made with a 

brass thimble, wliieli is jointed to 

the lead-pipe witli a wiped solder- 

joint, and to tlu’ porcelain outgo 

of the closet with Portland ceim-'ut 

Gtimnetdl (fig. 296). It is queslioiuible. 

c^and^crem 

inaneiit one. The solder-joint hc- 
tween brass and lead is of coarse, 

propei-ly made, a perfect uuiou, 

Flange onoutgo but the Portland cement between 

I LeaxL the brass and the porcelain, being 

, soil pipe liable to expansion and contrac- 

iPhl- tion, may after some time become 

detached from the surfaces to 
which it ought to adhere. Doub 
ton's metallo-ceramic joint (fig. 297) is really a solder-joint in a lead socket, 
with the outer surface of the porcelain metallized to take the solder. Time 


FarOvermuTe 
outqo of closet 


Fig. 298.— Flangu Joint between Earthenware and Lead, with Clips and 
Screws. 
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will show the durability of this joint. It certainly has the merit of being neat 
in appearance and easily made. The flange method (flg. 298), is a good joint, 
Imt requires to be examined from time to time, and the bolts tightening iij) 
when recjuired. It is, however, 
not allowed by the regulations of 
the London County Council. Fig. 

299 is a less satisfactory form of 
flange-joint. Freeman’s lead con- 
nection (fig. 300) is practically a 
screw -joint. The difficulty with 
this seems to be that if at any 
time the joint required to he tight- 
ened up, the pipe would have to 
be sundered, as it is quite evident 
that the closet could not be turned 
round. Mr. Hellyer has devised 
what he considers an improvement on the Portland-cement joint by substituting 
an elastic cement for the Portland cement. The socket of the brass thimble 
(fig. 301) is filled with alternate rings of elastic cement and yarn, and by this 



Fig. 5J00. -—Freeman's Screw’ Connection between Uartiiemvarc and bead. 


means it is hoped to obtain a joint which is not aflected I))- (.‘xpnn^ion and 
contraction. Humpherson’s joint, shown in fig. 302, is formed by pbu-ing the 
end of the closet-outgo into tlie socketed end of the lead pipe, and eoveviiig 
the joint with an india-rubher collar kept in piosition a copper clip; it is 
doubtful if this will make a permanently -tight joint. 

In all forms of wasli-dowii closets w^-here the trap is of the -same material as 
the basin, the form of the trap is necessarily that of the ordinary so-called 
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Elastic cement 
as used. hy'Jj&H. 


'I/)dia-rul>hvr 


wrass Thimble 


Fig. 301,— Ilellyer’s .Toint with hvm 
Thimbk'Eiiul Elastic CenK'Ut, 


Fig. 302.-“liHuiiihprsc)U’s .li>int 


sudden discharge of a volume of water either down tlie inuiii pi])e with which 
the trap is connected, or into the apparatus to which tlie trap lielongs. It t‘un 
only be obviated in the ease of a round-pipe trap by fixing a ventilation-pi]>e to 
the trap itself on the side furthest from the closet, us sliowii at a in ligs. 2h2 
and 293, , and B in fig. 295. In the case of a stack of two or more cio.st^ts di.s- 
oharging into one soil-pipe, each trap should he veiitiiatcd into a vertical pijie, 
which should he carried up and connected to the ventilation-pipe of the soil- 
— — I pipe above the highest w.o., as sluAYii in Plate X. 

In cases where lead traps are used, the Anti-D trap (fig. 

® 303) will as a rule obviate the ncce.ssity for a trap-ventilation 

pipe. This trap was devised by Mr. Hellyer with a view^ to 
prevent syphonage by allowing space for expansion, and 
under very severe tests has proved equal to the task. It m 
well, however, not to depend too implicitly on the tra]>, but 
to make assurance doubly sure by providing the anti-syphonage pipe. 

The flushing* for closet-basins have been described with each 

class of apparatus; but it , may be well to. emphasize one or two special points. 
No closet of the, “ wash-down r,;t|^’eau %admitte4 -as satisfactory, unle.ss it has 
an adequate flushing rim. It is absolutely essential' to the cleanliness of this 
kind of basin that the sides of the basin '.should , be washed down at everv flush. 


•Fig. 303.~SeotIon of 
Anti-D Trap. 
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It is also necessary, though perhaps not so vitally essential, to the Yalve-elpset. 
To the latter Gla,ss of closets, what is called an ‘'after-aush'' is most essential. 
Wherever the quantity of water used at each discharge of the closet is restricted 
by local regulations made in virtue of legal powers, a part ot the water used for 
flushing should be retained, and only admitted to the basin after the valve is 
shut down. This is called the after-flusli, and is required in order that the 
whole of the water allowed for flushing shall not be sent out of the basin, and 
the latter left dry. 

In most places where a public or municipal water-supply exists, the quantity 
of water to be used at each discharge of the contents of a water-closet is restricted 
by by-law or regulation. This restriction is necessary in order to control the 
consumption of water, and prevent wuiste; but it cannot be denied that it may, 
and under some ciroumstanees does, become very prejudicial to health. It is 
obviously right and proper that waste should be prevented, but to fix a liard- 
and-fast limit to the quantity of water to he used at each discharge of a closet, 
without reference to the position of the closet in regard to the drain, or to that 
of the drain in regard to the sewer, is absurd. We must, however, take the law 
as we find it, and do the best that can be done under existing eireiiiiistances. 
The regulations vary in diflerent localities, but the variation is so slight that 
it may he taken that the great majority of local authorities (including all the 
Water Companies of London) have fixed the limit of water to he used at each 
discliarge at a, maximum of two gallons. Now it may I)e adniitted at the outset 
that, given a basin and trajD of perfect form, and a flushing pipe of suffioienb size 
fixed with accuracy, a flush of two gallons is under ordinary circumstanees 
sufficient to clear out the basin and trap, and leave clean water for the next ustn\ 
Experience, however, proves that the two-gallon maximum of tlic autlmrities 
should really be a minimum, and that in many cases a larger quaiirity is 
required. 

Whatever the quantity of water may be, it should he delivered in full and 
automatically; that is to say, the total quantit}' should la-' discharged into llic 
basin at every pull of the handle, without it being within the power of the 
person using the closet to restrict the amount, hiany inferior kinds of flii.flnng 
cisterns, or ^‘water-waste preventers” as they are move properly called, imly 
discharge their full contents if the handle or pull is kept down until the flow’ of 
w’ater ceases. This form of flushing cistern is much in favour wdth. Water 
Companies, wdiose sympathies are, naturally enough, on the side of economy of 
water, and not in any w’ay concerned with the sanitary side of the question. It 
is of course very necessary and desirable that wvater should not be recddessly 
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to keep an ordinaiy chamber-utensil in the \\ c. 'J'here ;uv. circiuiistaiir*'-. 
liowever, which necessitate the pi'ovisioii of a pi'operly-'lcx'isod uriitnl, a.,-., 
example, a boarding-school for boys, or an establishment in which a cnn.-ideiniCr 
number of mon-scrvants are employed. 

Where a rang’e of urinals is required, a n'ood plan is t*' hnni a ti'oiigh, riilao' 
in iron or in salt-oiazed or enamelled fire-clay. At the outlet c-nd of the troueli 

O 

is a weir, hy means of which the trough is kept constant!}' fiui ol‘ watci\ ami the 
urine is always very largely diluted. An automatic liushiiig tank, the capacity 
, of which should of course bear a 

I ^ — [ definite lylation to the size uf the 

ifll ^cl^tcrrW I"’- 

tliest from tlie outhd-, and hi'ing 
.-rr- set TO di.s(‘harge at cei'tain inter- 

vals, flushes tiie trough ntnl leaves 

clean water. It is 

■^1 11 ] rf '"T" necessary, with this ibriu of uriimi, 

V to provide for tairrying away ati}’ 

urine that may be droppeil clear 
trfiugii. This is done by 
[( ||1 forming a small dianiiel just in 

front of the trough, and providing 
asuhsidiary lln.sliing pipe forcleaii- 
ing ir when tlie trough is llushed 

' } j J Id® 'riicrc.* are positions, as. for ex- 

/ / p, — tj/ 1 Q g Qp , 11 . ( 1 , 

ample, the lavatory aluiched P; a 
billiard-room in a private Imiise, 
where a single or perhaps two 
urinals are deemed, a ne(*.essity, 
and it is cases such as these which demand the utmo.st care in arrangement. 
Fig, 305,' which is reproduced by permission of Mr. B. S, Hellyer from The 
Plumber and Sanitary Houses, shows a three-hasin arrangement of this kind, 
The basins are of the wide-fronted kind, a form which owes its origin to a sug- 
gestion of Mr. John Taylor, the well-known architect to H.M. Office of \Yorks, 
and wd'iich is a great improvement on the old lip-fronted form. Tlie down -pipes 
from the basins are all made of cast-iron, porcelain-enamelled inside and out, 
and are detachable for cleaning purposes. They discharge into an open channel, 
which has a trap with proper ventilation at one end. The sides, liaeks, and 
floor are all made of St. Aiinek marble, wdiich, when nolished. Hiiceessfullv 


305. ~View of Urinal with three Basins, FlnsUins? Cistern, 
Flnor-ehannel, tfre. 
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the action of urine. The flushing is provided for by a small tank containing 
three gallons of water, and it is possible to arrange the flushing pipes in such a 
warj that one gallon of water is discharged into each basin at ea(3h pull of the 
handle. The flush can also be made automatic and regulated to discharge at 
certain intervals. 

To ensure the waste being kept free from deposit, Mr. Hellyer recommends 
that a piece of soda should be kept in each basin. 

A very much improved form of stall-urinal has come much into use of late 



fur public urinals. Formerly these conveniences were usually formed of slate, 
and sometimes provided with porcelain basins. The slate very speedily Becomes 
coated with uric acid, and is extremely offensive; and the ordinary basin with 
its grated outlet, small waste-pipe, and feeble flushing apparatus, is worse than 
useless. 

The improved form referred to (ffgs. 306 and 306 a) consists of a curved 
hack of enamelled fire-clay, with a dished and rounded base of the same material. 
The latter drains into an open cliannel covered with a grating, and discliargmg 
into a trap connected with the drain or with the soil-pipe. The whole is ffuslied 
with a sparge-pipe, curved to the form of the back, or with a distrffmting rose 
(fig. 306 a). Though there is a large exposed area liable to be .soiled, the 
absence of any corners, and the frequent flushing of the glared surface, keep it 
always perfectly inofTensive and sweet. 
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This kind of urinal is to be preferred to the trough kiiMl whrsv' 
quantity of water ■ available is restricted. But in either ease tiie iiriufi 1 -'h* >hli i 
be placed in a freely -ventilated and well 'lighted building. cut nfi 

from the interior of the house to which it belongs. 


The plan and secti<‘»!i of n 



P compact liexagonal groi,i|) of 

six uiah:ia I -stalls, are, giveji m 
306, and %. .306 a .shi.>w,s 
a ■ straig.ht rai.ige of Boiiie- 
what similar stalls. The. curved 
back and the- dished base of 
:ii|3ssss» each stall are in. one piece 

^ T /i=====^ eivanieliefl Hi'e-elay. Tlie 

I || J 111 J iili dished am.! ix>iuidc(l . latscs 

.slope to <a .chainiel whicl 
charges into a 

"dfhr a ' E ■ I 11 For-dny nuniber . of stalls i.i|:i' 

'Iffy , ,1 vliSffll J I pi . to six one outlet.' only", isyries; 

|.y:lf ,: ■ !§ I I The iloor in Iftuu 

f'::yyhf ^^iSl':£'- I of the urinal is ibrnicd lt\ a 

Iflyl? ' I ll ^hib of enamelled 

fl'fll 1; ■lll'lwf . 11 .1 '.fii'e-cky, tbe ,;groo,ves .in-whieb..: 

I I D ill ll sliarply tn the channel, 

V I JH jjlyf y it.: I and thus: any urine dropped 

'' l| corrugated slab i^ 

- quickly carrietl away. 

, The best method of flushing 

.rig.303i.-Sir(iighi;kangeofStanUrnials. is bv aU automatic clstcni Wit h 

pipes branched to a distribut- 
ing jet (fig. 306 a) in each stall. The jet is so contrived that the waiter 
spreads itself well over the surface of the fire-clay. The automatic arrange- 
ment is not allowed in some districts; where this rule prevails, it is necessary 
to provide a hand pull. The usual maximum a-llowanee is one gallon per stall 
at each flush. - ' 
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Section vil— drahstage. 


CHAPTER 1. 

GENERAL DESIGN. 

One of the prime necessaries of life is an abundant supply of pure mter 
for dietetic and cleansing purposes; after use, in tbe first case, it is voided by tlie 
body, and in the other, it is fouled either by personal ablution, or in tbe washing 
of houses and their contents, and in both cases it must be disposed of so as not 
to be a nuisance either to the occupants of the house from which it is discharged 
or to the community at large. Man in his primitive state disposed of the liquid 
refuse from his dwelling by turning it on to tbe surrounding soil. It is not 
necessary here to enlarge upon dangers that have from time to time arisen from 
the aceumuiated pollutions thus created ; every student of history is familiar 
with the devastation caused by the several outbreaks of plague in this country 
(and of cholera within the memory of many now living), and the inception of 
sanitary science as now practised may be attributed to the lessons taught by 
the great scourge of 1848 and 1849.^ 

However pure the air surrounding a house may be, however dry the site, and 
however wholesome the water available for domestic purposes, that house cannot 
be healthy unless there is provided some system of conduits, that will convey 
from its precincts all the liquid refuse before decomposition bas scit up. Tins i,-- 
the function of the drain, which is spoken of here in its ordinary or piqHjlur 
sense, and not as defined by the Public Health Act, 1875, wliicli will bf‘ I'eferrcd 
to at a subsequent stage. There is still one other function for the tlvnin U) 
perform, and that is to carry off, in addition to the liqunl refuse, a certain 
proportion of the rain which falls on or about the bouse. These being the two 
important purposes which a drain has to serve, it is necessary to understand all 
the circumstances affecting each. 

The terrible epidemic of typhoid fever at Maidstone in 1897 appears to have been due to a water*supply polluted 
in this way. — Eo. 
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The first duty is to ascertain the amount of liquid refuse likoiy to fie di.s- 
cliarged from a house. For making large calculations for sewage -dis]uj.sa I 
purposes, from 20 to 30 gallons per head per day is assumed or taken from tlie 
returns of the water actually consumed, but in a Large town sonn*. jnH.)porti(m ot 
this water does not find its way into the house-drains, as it is used tor a \-aiiety 
of public purposes (such as baths, fountains, watering streets, Hushing sewers, 
extinction of fires, and trade purposes), and when we come to analyse tlie 
amounts consumed per house, we shall be surprised to find liow great is the 
variation. Where people draw their water from stand-pipes, the daily con- 
summation averages about 7 gallons per head, and in those coinnmnities where 
the water-sum^jply is better but the lionservancy -closet system pi’evails, it is about 
10 gallons per head. On the other hand, we. may find that in large houses, 
where the water is conveyed to every iiooi*, an<l batlas, lavatories, sinks, and 
W.c.’s are fitted, the daily consummation may be 40 gallons on tbe average, and 
may reach as mueli as 70, if tlie occupants indulge in the daily tub. Dr. Farkes 
says that he found 12 gallons to he the amount used by a, clean lieallhy man of 
the middle class belonging to a fairly clean liousehold, raid this tmiount he .sub- 
divided as follows ; — 


Cooking, ; ; ... ... ... ... 

Fluids as drink (water, tea, coffee, i*v:c.), 

Ablution, including a daily sponge-bath, taking two-and-a-half to three gallons, 

Share of utensil and house washing, 

Share of clothes (laundry) washing estimated, 


Ualloiis 

•75 

•33 

5-00 

3-00 

3-00 

12-08 


Where water-closets ai-e mA'Ovided in the liouse, other 4 gallons at least shou]<l 
be allowed m)er head. If the closets outside are upon the slo},)-waler .system, no 
further amount need be calculated. The amount of fmces .Parkos m»uts dowii as 
averaging 2^ ounces per head per day, and of urine about 40 ounces. There may 
in certain houses be an addition to this liquid refuse in the shape of drainage .from 
stables, cow-bouses, and carriage washing, and in towns from slaughter-houses 
and from certain trades, but as the water for this purpose is usually supplied by 
meter, a general average quantity can be readily ascertained. 

While it is very desirable to separate the rainfall from the sewage to the 
fullest possible extent,. -in order to lessen the difficulties of dealing with the 
sewage at the outfall-works, it is obvious that some proportion must be conveyed 
by the house-drain, unless it is feasible to provide two sy.stems of conduits. In 
country places there is generallydittle difficulty in doing this, but in towns the 
prevalence of two systems is not an unmixed blessing; unless the methods of 
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siiporvision leave iiotliing to be desired, from time to time coimectioiis ai’e apt 
to be made of soil-drains to rain-water drains, and the presence of two systems 
must ultimately lead to confusion. It is in many cases, liowever, i|Ciite possible 
to separate tlie water falling in the fronts of houses from the sewage, and it must 
be remembered that in those districts where the Private Street Works Act, 1892, 
is adopted, councils have power to compel the owners to provide two sewers for 
sewage and surface-water respectively (Sec. 9, sub-sec. l). 

It may be assumed that at least the rain-waten from the back portions of 
roofs, and that which falls on paved and flagged surfaces of yards and areas, 
must be provided for in the system of sewage-drains. The following table is 
often Cjuoted as showing the depth of rainfall per hour flowing off various 
surfaces, for which provision should be made in sewers ; — 


Table XIX. 

FLOW OF EAINFALL PER HOUR FROM VARIOUS SURFACES. 


From roofs, ... ... ... ... ... 

Irielies 
in dt'pth. 

•5 

From flagged surfaces, ... ... ... ... ... 

*2 ' 

From 23aved surfaces, .. . ... ... ... ... 

•1 

From gi'avel surfaces with clay subsoil, ... 

•05 

From gravel surfaces with gravel or chalk subsoil, 

... -01 

From meadows or grass plots, ... ... 

•02 


The average number of days per annum, upon which '5 of an inch of rain falls in 
the 24 hours, is G, and 1 inch or more falls upon one or sometimes two of those 
days, and very frequently that quantity is discharged in a very short space of 
time, in one year the following extremes of rainfall in the British Isles have 
beenrecorded:-— 

0*55 inch in 5 minutes. I%o0 inches in 45 minutes. 

1 '10 inches in 15 minutes. 1-80 inches in 60 miinites. 

1*25 inches in 30 minutes. 2*20 inches in 120 minute.s. 

It is by no means rare (and it is within my own knowledge) to ha\’e a tall <4’ 

1 inch in half an hour. So that it will be safe to take an extreme ca.'^e ul, , 

2 inches falling in 1 hour. As it is usually impossible to pas.s tbi.s rain rail a wav 
by any otlier method than the drain, or to have any system of relit'f tu- 
overflow drains, the house-drain must serve this puipose, and although .'^oiuc 
small portion may by soakage and evaporation not reach the <lrain, this portion 
— ^liaviiig regard to the impervious character of the surfaces of the roofs and 
yards, and the rapidity with which rain falls during violent storms- — m*ay l>e 
neglected. It used to be the custom to make an allowance aho for a certain 




amount of subsoil-water fiiicliiig its way into tlie (biiiis, the joints ol wliu-ii wei'o 
purposely left open to facilitate its entrance, but joints whirh wtitci- in. also 
let sewage out, and tlms set up a dangerous condition of tiling.- In' the p<dlutioii 
of the soil The realization of this tact, coupled witli the of kei'ping 

out surface or ground water as &r as possible, as referred to above, lias led To 
drains being constructed with absolutely water-tight and air-1 iglit joints, so that 
they may more efficiently perform their functions as eomlnits fur sewage and 
foul waters, the speedy removal of which from the house and its preeiiiets is one. 
of the most essential conditions necessary to the inaiiitenancc of a lieaithy 
habitation. 

Before laying down any code of regulations to ensitre ('iHrifuicy in a draitiage 
system, it will be well to consider wdiat are tire dangers and defects to be 
'[•avoided; The lemovaf is either eifected liy the water- 

ca;/riage system, or by the conservancy system, which inoiudes “ pri\'y-inidden” 
closdks, ‘‘pail” and“ earth’' closets. Iir the conseryaiuy system, the foces are 
kept tbe drains, wdiich receive only the fail waters of the liou.se. ^hny 

many pgo]5^^' ■^3main under the impression that, with a conserT'aney system, the 
question df drainage is of little importance, as they imagine that what the drain 
has to convey away fc* not of a dangerous character; but wlien we come to add 
to the ordinary waste Waters of the house, the eliamber-siops containing the 
urine, and in some cases tlio sewage from stables, cow-houses, and piggeries, it 
will be at once seen that we liave a highl}''-eomplcx licpiid, and one wliii'h differs 
in its impurity only to a slight degree from the sewage eontainiiig also the di-s- 
cli'arges from water-closets.^ 

Decomposition of sewage begins directly it passes into the drain, and may 
be said to reach its most active stage aftei' the lapse of from three to f(.)ur days, 
though in some states of the atmosphere the time is longer. („)ft(.m very fetid 
substances are given off, and the following gases have been traced : — Bulphuretted 
hydrogen (HsS), marsh gas (CH^), bicarburetted hydrogen (C2H4), caikoiiit* acid 
gas (OO2) in excessive quantities, and ammoniacal gak>-,^ Having regard, there- 
fore, to the dangerous character of sewage, it is important that the system of 
drainage, devised for removing it from the precincts of the house, shall be free 
from defects attributable to bad design, unsuitable materials, and careless work- 
' manship. 

Tire only drainage-system to many houses consists of a seiies of stone op 
brick drains of rectangular form, the materials being laid with open joints. 
While tliis type of drain may he the most suitable for drying tlie ground, it is 

^ See Vol. H., Section VIII., insra 4- 
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the most niisnitable for coiiveyiiig sewage, which is invariably deposito<l ii]:>on 
tlie flat bottom, and percolates through the open joints into tlie suiTounding 
soil, and the gases given ofl may be drawn through the soil into the house, o.i 
escape by way of the connections and imperfect sanitary appliances into the 
house. In many instances, this particular type of drain was originally laid 
down for the purpose of draining away the water found .in the site, and is 
fi'etpicntly found under basements of houses. From time to time, as sanitary 
appliances have been added to the house, the several waste-pipes have been 
connected to the drain, until gradually it has become filled wdtli sewage-deposit, 
and a huge underground reservoir of sewage-gas is formed. 

Another very objeetionahle type of drain is that formed of egg-shaped 
earthenware pipes with “ butt” joints,— -that is, an open joint without any over- 
lapping sockets,— which allow the percolation of the sewage into the soil and the 
escape of gas; and, in addition, this want of joint facilitates deposit in the pipe 
})y reason of the readiness with which any floating object gets locked in the 
opening between the pipes, and so forms an obstruction. 

The material now most generally used for house “drains is the eirculap 
socketed earthenware pipe, but it will not do to assume that, because the drain 
is of this material, it is therefore quite right. A drain formed with such jfipes 
may be extremely defective, because of their unsoundness, bad shape, and want 
of proper jointing, as well as on account of imperfect foundation, and not being 
laid true to the gradient or alignment, any of which delects will surely cause 
the drain to become a miisaiiee. 


One of the greatest defects to be avoided is bringing a drain inside a house. 
It is rare indeed that any necessity arises for such a course., yet it is vmy 
common to find liasemcnts plentifully supplied with gullies, and invest igat if ui 
reveals that the only purpose they serve is to (‘arry away tin', wnter usiMl in 


washing the floors. Here ^ve have a eonmiunicatiou Ix'tweeu the inttrrior of rite 
louse and the sewer, the only check being the trap in the gull}’, wiricii umj- or 
may not be an efficient one; and even if it is so thcoreticall}'-, it must In’ remem- 
bered that it will lose its seal by evaporation, and that the water slaiiding in it 
will absorb the gas coming from the drain, and give it oil int«j tlie lioustc h is 
a common thing to receive an assurance that all the drains about a bouse arc 
properly trapped, the special faculties of a trap being understootl by sonif? people 
to be almost supernatural ; but an interior trap, however good in form, without 
external disconnection, can never be anything l>ut a defect, and any vsystem 
which includes waste-pipes, whether trapped internally or not, which have a 
direct connection with the drain, is one to be avoided. 



Ill many districtBj it is the usual praetice to connect the rain-water pipes 
directly with the drains, uiuler the assumption, possibly, tliat the}* will sei-N o as 
ventilators. This is a very mischievous pratitice, and cannot ])(? too str<!ni;']}" 
condemned as one that is fraught with much danger to the pnblir hcaltly. 
When the pipe is most required as a ventilator, — that is, when the air ol the 
drain is displaced by the sudden rush of tlie water caused b}' a rainfall, — the 
air forced to the rain-water pipes is met hy the column of v'ater descending 
from the eaves, and is forced out in another direction. Again, not only is 
the position of the heads of rain-water pipes often adjacent to windows, so 
that the drain-air readily communicates with the house, but by reason of <lefec- 
tive joints, which are very common, est'ape also takes place tliere at frecjuent 
intervals. 

These are amongst tlie most common of the dangers ami <h}feets to be a\'oided 
in a drainage-system, apart from those, met with in the sanitary ap[>lian('tes and 
fittings in the house. Those arising from tlie discharge of Iluj sewage into I'ess- 
pools will be found described in the section dealing with “ Bewage-Dispusah’: aiid 
the disadvantages caused by a direct connection of the liouse-dniin with tiie 
public sewer, are dealt with in the suhseipient chapter relating to *’ \’’eritilation. 
Disconnection, and Inspection 

One of the mo.st important conditioms to be complied with, in order to ensure 
a health}^ habitation, is the necessity of having a system of immediate and perfect 
sewage-removal, in order that the air and soil may not be eontaminated with 
excreta, nor the water-supply fouled by either direct or indireet contact witli 
the sewage or its emanations. Where the sewage has lieen reuun’ed fVmn the 
premises and delivered into the public sewer, this may be said to be a{,‘.comj>lislied, 
as it is then the duty of the Local Autlioritv to convey it to some t'ouvcMiieiif 
spot, where it can be dealt with so as not to be a nuisance or injurious to health. 
In the absence of any system of public sewers, the sewiige will re<piire to be 
disposed of by one or other of the methods subsequently descidbcd in the. sciition 
on “ Sewage-DisposaT’. 

In order that these conditions may be complied with, and the draiuugc- 
system perform its proper functions, its conception and design must be influenced 
by certain essential conditions, and upon the degree of perfection with which 
these principles are carried out depends the efficiency of the system. The 
essential conditions neecssmy to be oliserved are: — 

1. Memovcol of Sewage. The sewage must be rapidly removed from the 
building and its precincts, and the drains be “ self-cleansing ”, so that there is no 
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2. S%(/rface and Subsoil Water. — Wlierevei’ practicable, the surface and 
subsoil water must be conveyed away in separate drains. 

3. Li/fie of Brains.— All drains must be laid in straight lines from point to 
point, with true gradients, 

4. Tur}mig.—AR turning must be done in ‘^manholes” or inspeetion- 
sJiafts”, which must be placed at every change of direction or gradient. 

5. Drains to terminate outside house. — Drains must not pass to the inside 
of houses, but end at an outside wall. 

Drains under Houses.— Dmins, must never pass under buildings when it 
can possibly be avoided, and in towns where drains have to be carried througii 
the house from back to front, special precautions must be taken. 

7. Separation of Branches. — All important branches must be independent, 
and concentrated in a turning-chamber, and all branches be as short as practi- 
•oable. ■■■ 

8. I nspectiomch ambers . — The drains must in all parts be .readily aeces,sil»le 
for the purposes of examination, testing, and cleansing, 

9. Water-tighiness. — The best materials must be used and skillcM.I laljour 
em}-iloyed to ensure the drains being water-tight, so as to avoid pollution cd' the 
soil and air, and the admission of subsoil-water. 

10. She. — D.rains must not be larger than necessary for the maximum duty 
they .m,a,y have to perform, as the larger the drain in proportion to the (|iiantir}' 
of sewage passing through it, the less is the power of the sewage to curry solid 
matters along, and rice versa. 

11. Falls . — The falls of drains must, wherever possildc?, be sufficient t(.> pm- 
duce a, self- cleansing velocity for the small amount of sewage that is usually 
discharged through them, apart from rainfall. 

12. Depths. — Excessive and unnecessary depths must l)e avoi<b>d.. Spcc-ia.! 
means must be taken to effect the change of levels in drains. 

13. Disconnection of Main Drains or Seiver. — ddic air-coimmiiiicaTicjii |.m> 
tween the public sewer or cesspool, and the liouse-draiu, must be scA'cred by- 
means of an intercepting trap fixed in a manhole or shaft. 

14. Disconnection of Long Branches . — All exceptionaily-long braiichcs -tiuisr, 
in like manner, be severed from the main house-drain, 

15. Ventilation. — The drains must not terminate in a di-ad end. but be anijdv 
v-entilated by openings so as to create an undiminislied current of air ■f.-hrough 
them. 

16. Inlets to be trapped. — All inlets to drains must he properly trapped, 
with the exception of those used for the purpose of ventilation. 
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17. Wastes to discharge in the open air.— All wartte-pipc^^ trDjn ^^iiilvs of 
every kiiid (except liouso-niaid’s slop-sinks). ].iatlis, lavatories, raid other ap[>li- 
arices from wliicli foul matter is discharged, and all raiu-water |upes, uiiisi 
deliver over gullies placed in accessible positions and connei-ted with the draiii< 
outside the house. 

18. Flushing . — If the available fall is not sullicieut to jiruduro a ‘“sell- 
cleansing’’ velocity in the drains, provision must be made lor r-egulai* and 
frecjuent flushing. ^Vhen the discharge of sewage into drains is only inter- 
mittent, and not sufficient to prevent depo.sit in them, an automatie flushing 
tank should be fixed at the head. 

19. Materials . — The materials must be the best of their res](eeti\'e kimls, and 
where the local conditions render it necessary, e'xrra precautions mu.'^t be taken 
in the selection of them, and all appliances of a spcH'ial Lyp«.‘ should be it'sfed in 
order to ascertain if they will satisfactorily pei'ibrni the functions rc({m’}‘c<l ch‘ 
them, and only those should be selected that are th,e least likely to gm out of 
order through the carelessness of a worknum, oi* the neghn't t)!' thost* iindor whom* 
care they are placed. 

20. Workmanship . — To ensure sound sanitary work, the best skiih‘d labour 
must be employed under the supervision of a competent expert, and all coin|'s]eted 
work must be carefully and adecpiately tested liefore lieing passed. 

These conditions will appb' to the design of every systeni of drainage, from 
the cottage to the mansion, in a greater or less degree, according to tbe require- 
ments of each, dependent upon the number and nature of the .said tar}" appliances 
in use for carrying oft’ the foul water, &c. In the cottag«u tbe only intenml 
sanitary appliance is the kitchen sink, and to design a, scheme of drainage?- to 
carry away tbe foul water from this, as well as the rain-water b’om tin* roof and 
back-yard, is not a very difficult matter, so long as the cottages are buili siiigi}' 
or in pairs. 

When, however, we have to deal with houses in rows, certain difficultie.s 
. present themselves, difficulties not requiring any special engineering to overcome, 
for they arise solely from recent judicial interpretations of the words “ drain 
and sewer”, as defined by See. 4 of the Public Health Act, 1875. According 
to the Public Health Act, 1875, a ‘"sewer” is a drain “ into which the drainage 
of two or more buildings or premises occupied by different persons is conveyed ”, 
and a “drain” is any drain of and used for the drainage of one building only or 
, premises within the same curtilage, made merely for the purpose of communicat- 

Thus, in fig. 307, which represents the drains 
communicating with a 9-inch pipe, this pipe is, 
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according to tHe definition, a ‘‘drain” from a to the junction of the branch-drain 
from B, while beyond this point it is a “sewer”. 

To the ordinaiy mind, those pipes which are within the premises belonging 
to the house, such as the yard or garden and the passage common to several 
houses, whether built in rows or otherwise, and which have been cleansed and 
inaintaiiied by the owners, would appear to be drains, as distinguished from the 
sewer in the adjacent street or road, which conveys the sewage from the several 
houses on either side; but the definitions given above 
show that this is not correct. The legal decisions on 
the point are, however, somewhat confusing, and the 
confusion has been increased rather than otherwise by 
the Public Health Act Amendment Act, 1890, which 
introduced a third definition. Where this act has 
been adopted, a drain connecting “twm or more houses 
belonging to different owners ... with a public 
sewer” is not a “sewer” but a “single private drain”. 

Apart from the legal difficulties caused by carry- 
ing the main drain through the back-yards, as shown 
in the diagram, there are others, Which may and do Fir 307 . --Diagram illustrating the 

^ terms “Sewer" and “ Drain". 

occur, caused by what we may call economical prompt- 
ings. Taking the block ABC I) (fig. 308), the proper position for the main drain 
is in the passage as shown by double lines, the branch drain from each sink 
being Garried through the yard belonging to each house; but some Imilders, with 



a desire to save the cost of repeating the portion of the branch drain marked xx, 
lay the main in the position shown by the double dotted lines, iind the braiudu's 
passing from one yard through the next. If, at anytime after the houses 
built, any one of them should be sold, the viciousness of this system of drain 
planning would present itself, should there be any stoppage in tiie drain. Sup- 



,pose the house D to have been sold separately, and that a stoppage occurs at 
the junction of the branch from c; this being upon the premises of d, <’ has 
no right of entry to repair, and should D be unwilling to assent to siudi entrv, 
not only would 0 be inconvenienced by the stoppage, but a and B also, who 
miglit too be difterent owners. The sanitary inspector would of course insist 
on the nuisance being abated, Imt some time would elapse before his powers 
could be enforced. It is an excellent rule in all circumstances to keep the 
required for any house solely within the premises helonging to that 
house, until the public street or passage is reached. The arrangemtent shown 
by the dotted lines in fig. 308 is of course the cheapest ip. firjsi lobst ^ as not only 
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shorter, but tlie druins can be regarded as a single 
being intercepted from the public sewer by a vsiiigie iute 
entilated by one low-leTel opening 
ho wever, insist on the dr 


are the branch drains 
the main drain 

trap, and the whole system being v 

.g shaft. Nearly all modern by-laws, 

separately intercepted from the sewer and separately ventilated. 

may be carried out, if the sanction 
Sec. 74 of the Metropolis Management Act, 
for the combined drainage of property, that is of a 


ventilatiiij 
each house })eiiig 

Combined drainag’e in .London boroughf 

of the corporation is obtained. 

1855, makes provision 

group or block of contiguous houses or of adjacent detached or semi-detached 

houses, where it appears to the corporation that such group or block of houses 

may be draine<l and 

improved more ecoiio- 
^ 

mically a n d ad ^'a n t a ge - 
ouslv 111 combination 
than separately. 

. U y* rm T • T v-i , 

/ / / / 1 he [uaii.s in i iate, 

^ / / XIV. show a weli- 

rr‘r.rrx"-::r"::::t:”r; :: :r._ "“3.’* arrangei i. iiouse huving 

yards nil the necessary .sani- 

tary appliances, ami 

it ■ is ; our purpose ■; to 
desig’n' '■.system ' ■.'■■n.f , ■ 

drains that will vimy 
away all the sewage, waste-water, and rain-water, not only in such a manner 
as will comply with the conditions already laid down, hut that will also b(.‘. 
economical in construction. Many systems, while doing their work satisfac- 
torily, are complicated by an excessive number of nnnecessuiy drains, and 
have been costly to construct by reason of the routes chosen, or from tlic 
depths at which the drains have been laid. In the designing of the positioin 
for the varions sanitary appliances, their concentration should be aimed at so 
as to .reduce the number of branch drains as far as possible consistent with 
efficiency. . - , - - " ■ - . 

If we examine the basement plan, we find that there are sinks in the scullery 
from which the wastes will have to be- carried away; this will necessitate the 
drain being laid deep enough to drain the gully, which must be placed in the 
area at E to receive the wastes from the two sinks. , . This should be a flushing- 
rim grease gully, which may be cleansed from a flushing-tank fixed at e. ' If we 
refer to the first-floor plan we shall find a dressing-room oyer' the scullery, so 


Passage ^ 

Fig. 308. — Drainage for a Block of Four Houfses. 
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the \Yaste-pipe f from the lavatory basin may 1)e carried down to feed the 
cistern, as also that from the overflow N from the cistern fixed on tliC second 
floor. In the same area at a is a Sykes’s gully with three unions, o]ie for tlie 
waste from the clean-water sink D in the scullery, another for the waste from the 
foul-water sink in the scullery, another for the waste from the bath at b on the 
first floor, and from the lavatory basin at c in the bath-room. 

The two branch drains from a and e will join in manhole No. 5, and from 
this will be laid a drain to the rain-water pipe R, with a through connection to 
an upcast ventilator at v. The drain from the south side of the house will 
enter the intercepting chamber at r\ 

On the west side of the house there arc no waste-pipes from the basement, 
but there is the servant’s w.c., and if we examine the plans closely we siiall find 
that the cloak-room w.c. and the tv.o. on the first floor are immediately over 
this, so that one soil-pipe H will serve for the three closets. At J is the waste- 
pipe from the cloak-room lavatory. These two branch drains will form a 
junction with the main drain in manhole No. 2, into whicli the branch from tlie 
rain-water pipe at the corner r may be connected. 

At the angle where the main drain is required to turn, so that the Inanch 
drains from the north side may be picked up, a manhole (No. 3) slioidd he 
formed having a suital)le curved channel. On this side of the house, on. the 
ground-floor, there is a maid’s pantry, in which is a sink k for washing chi.na, 
glass, silver, &c., and immediately over this room on the second floor is a. house- 
maid’s closet with slop-sink i.. As this is the head, of the main drain, it is 
desirable that there should be a fiushiiig-tank connected witli it ; this can con- 
veniently be done by dividing the manhole No. 4 into t\co charnhei’s, the lower 
one receiving the branch, drain from L, and in the upper .fixing a syphon tlusli- 
iiig-leg, utilizing the waste-water from k and the rain-water from rk iV»r flasliiug 
purposes. The pipe at .l, being constru(‘.ted as a soil-pi]>e., will serve, as ;s 
ventilator. 

The various sanitary appliances denoted on tlie plan, togefhe.v witii tin* 
methods of designing and constructing tlie drain, and a consideration <.)f the 
materials to he used, are referred to in subsequent chapters. 

The illustration Just described will serve for most t}'pes of lionscs, modifiea.- 
tions being introduced to suit the special circumstances met with in eiadi case, 
provided the principles are not departed from. In the a,rrangeme.!it of town 
houses, and especially in London, it is not, however, always possible to carry the 
drains entirely outside, as usually there is no access to a back road, so that the 
drain must be carried under the liouse from back to front. The best method of 




IS iti veiiliiatiun 


doing this is hy using iron pipes, and 
laid down in tlie iSlodol Bydfuvs (setj 
wliicli will 1)6 subsequently pointed out 


In times gone "by tbere seems to luivt*. Ix^eii ikj rule, bey{»Hd tin) rub* of 
tliuml), foj* detenniaiiig the size of liouse drains, if one may judge frun) the size 
of tliose so often dis<u)vered aliout ui<l houses, where it is not at al! imeoinuion 
to find a stone drain 4 feet liigii by 2 feet W’ule, quite large <‘nough ft)V a niati to 
traverse easily. It is difficult to determine why they slionld have been (.'on- 
structed so large, but as they are usually open-jointed, tlic only inference is tliat 
they were intended also to serve the purpose of drying tin* grouml b}* <lraining 
off the subsoil- water. 

Even in these days, ■when glazed eireiihu' stoneware pipes are almost imiver- 
sally used, it is far too common to find them much too large for the purposes 
they have to fulfil, and I am acquainted with (listriets where the local sanitary 
authorities demand that a drain serving two houses shall Ijc at least P inches in 
durmeter. So many people, persuade themselves into the belie.f that a drain 
is bound to get .stox)pcd up soone)' or latta*, and that by adopting a large ])ipe 
they are erring on the safe side. If a pi})e. is securely and firmly uml is of 
sound materials and kept to the gradie.nt. it will be as true inside as the bunnl 
of a rifle, and any stoppage that may occu)’ will be found to la,' due to acidderital 
circumstances; if, on the other hand, the pipes arc of infi’tior materials, inseem-ely 
'and irregularly laid, and also imperfec-tly jointed, then, of course, they will 
ill a very short time become made up. This imjierfect t-lass of work is so 
common, that it is easy to understand why there are so many upliolders of the 
large-sized pipes. If, however, these people will only consider that, for a great 
part of the day, only a very thin stream of dirty water is flowing through tlie 
drain, and that if it is spread over a large surface — as it must be in the larger 
pipe — there will be a retardation of the flow, consequent on the increased 
i^iction from the surface of the pipe with which the stream is in contact, they 
will see that the solids brought down will be deposited, and stoppage will ensue. 
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foul air, which increases the difficulties met with in providing means of ventila- 
■ tion. 

Bj ascertaining the numher of inhabitants of the house, care being taken to 
fix the probable maximum number so as to include visitors, it is easy to calculate 
what will be the probable amount of sewage to be conveyed away. It must be 
remembered that domestic operations do not extend over more than sixteen 
hours of the day, and for long intervals in that time no waste-water is being 
discharged from the house; on the other hand, there are periods when the 
discharge is rapid- Probably the two hours immediately after breakfast ivill 
contribute at least half of the total quantity discharged during the day. The 
most extreme case, however, will be at the time the baths are discharged ; assum- 
ing that 45 gallons of water are used in the bath, then the waste would be equal 
to a discharge of 15 gallons per minute, and in addition there might from other 
sources be discharged a further 5 gallons. Beyond this domestic sewage, 
provision may have to be made for the waste- water from laundries, carriage 
washing, the drainage from stables and cow-houses; the maximum from these 
sources would be at the time when a pail of water was being discharged over 
a carriage, and if we allow 2 gallons for this, we have a possible total of 22 
gallons discharged in any given minute. 

'We have also seen what is the possible depth of rainfall that will have to be 
carried away by the drain, and having limited the area as much as circumstances 
will allow, it is a very simple matter to calculate the maximum quantity per 
minute for which accommodation must be provided in the drain. It must be 
borne in mind too, that this excessive quantity of rain may have to be carried 
away at the precise moment when the greatest quantity of water is being dis- 
charged from the house,— -that is, when a hath is being let ofi:‘, — so that these two 
quantities must be added together to give us the total for which p)rovisioi] hns 
to he made. Assuming a rainfall equal to 2 inches per hour, this will give a 
discharge of 2 vS cubic feet per minute from 100 square yards. From tliese 
figures, it is a simple matter to calculate the quantity from any rec|uired 

The total maximum quantity of sewage and rainfall being asoertained, the 
size of drain required to carry it away can be fixed by determining tlie ainounl 
of fill! which is available, and by working out the gradient. For house drain.s 
a velocity of not less than 3 feet per second should be obtained, as this will 
serve to remove easily and rapidly from the premises the sewage and the solids 
carried along with it. This velocity is called a “ self-cleansing velocity and 
has been fixed upon after a long series of experiments on the flow of water, 
carried out by Wicksteed, Beardmore, and other well-kuowm hydraulieians. In 
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CHAPTER II 


THE 8IZE AND CAPACITY OF DRAINiS. 


In times gone by tliero, seeing to luivo been no rule, bt‘yon»l tlie rule of 
tlmmb, for determining tlie size of house drains, if one nniy judge ironi llu* size, 
of those so often dist'overed about: old liouses, where it is not at all uiUM.aninnii 
to find a stone drain 4 feet high by ^ feet wide, (.[uite large enough i*ui’ a lann to 
traverse easily. It is tlifiitndt to <letei"niine why they should have l>een cum 
strncted so large, but as they are usually opeii-jobited, the <in]y infeuvnee is tha.t 
they were intended also to s{!.rvc tlie purpose of diyiiig the ground b}' di'uiniiig 
off the subsoil-water. 

Even in these days, when glazed exreukr stoneware pipe.s are nlinost tiniver- 
sally used, it is far too common to find tliem much too large for the pnitposes 
they have to fulfil, and I am acquainted with districts where the hicnl j^anitary 
authorities demand that a drain serving two bouses .shall be at least li iiudies in 
diameter. So many people persuade themselves into the belief that a draiii 
is bound to get stopped up sooner or later, and that by atlopting a large ])i})e 
they are erring on the safe side, if a pipe is seeurely and firmly bill, and is (d 
sound materials and kept to the gratlicnt, it will be as true inside as Ibc barrel 
of a rifle, axid any stoppage that may occur will be found to be due. tx> aca'idenlal 
circumstances; if*, on the other hand, the pipes are of inferior materials, insx'curely 
and irregularly laid, and also impeifeetly jointed, then, of course, they will 
in a very short time become made up. This imperfeevt chess of work is so 
common, that it is easy to understand wdiy there are so many uphohlers of the 
large-sized pipes. If, however, these people will only conaider that, for a great 
part of the day, only a very thin stream of dirty water, is flowfing through the 
drain, and that if it is spread over a large surface — as it must be in the lai'ger 
pipe — there will be a retardation of the flow, consequent on the increased 
friction from the surface- of the pipe with 'which- the-' stream is in contact, they 
will see that the solids brought down -will he, deposited, and stoppage will ensue. 
Again, the ar^a of the pipe not t^en.Up.hy the ^tr^am is meee|sarily filled wnth 

f ' ! ' ,v' I- 1‘, J -g ^ j 'J- y ■-•> . - ,p- " ; ‘ . - - 
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foul air, which increases the difficulties met with in providing means of veiitila- 
tioii. 

By ascertaining the number of inhabitants of the house, care being taken to 
fix the probable maximum number so as to include visitors, it is easy to calculate 
what will be the probable amount of sewage to be conveyed away. It must lie 
rememliered that domestic operations do not extend over more than sixteen 
hours of the day, and for long intervals in that time no waste-water is being 
discharged from the house; on the other hand, there are periods when the 
discharge is rapid. Probably the two hours immediately after breakfast will 
contribute at least half of the total quantity discharged during the day. The 
most extreme case, however, will be at the time the baths are discharged ; assum- 
ing that 45 gallons of water are used in the bath, then the waste would be equal 
to a discharge of 15 gallons per minute, and in addition there might from other 
sources be discharged a further 5 gallons. Beyond this domestic sewage, 
provision may have to be made for the waste-water from laundries, carriage 
washing, the drainage from stables and cow-houses; the maximum from these 
sources would be at the time when a pail of water was being discharged over 
a carriage, and if we allow 2 gallons for this, w^e have a possible total of 22 
gallons discharged in any given minute. 

We have also seen what is the possible depth of rainfall that will have to be 
carried away by the drain, and having limited the area as much as circumstances 
will allow, it is a very simple matter to calculate the maximum quantit}" per 
minute for which accommodation must be provided in the drain. It must be 
borne in mind too, that this excessive quantity of rain may have to be carried 
away at tlie precise moment when tlie greatest quantity of water is being flis- 
charged from the house, — that is, when a bath is being let off, — so that these two 
quantities must lie added together to give us the total for which provision iias 
to be made. Assuming a rainfall equal to 2 inclics per hour, this will give u 
discharge of 2’5 cubic feet per minute from 100 square yards. From these 
figures, it is a simple matter to calculate the cjuantity from any required area. 

The total maximum quantity of sewage and rainfall being ascertained, the 
size of drain required to carry it away can be fixed by determining tlm annnint 
of fail wliich is available, and by working out the gradient. For bouse drains 
a velocity of not less than 3 feet per second should be obtained, as this will 
serve to remove easily and rapidly from the premises the sewage and the solids 
carried along with it. This velocity is called a “ seif-cloansing velocity 'h and 
has been fixed upon after a long series of experiments on the flow of water, 
carried out by Wickstecd, Beardmore, and other well-known hvdraulicians. In 




I’ig. 309. -Section of Drain, 
illiiatrating the “liydraulta 
Mean Depth 


DRAIXACiE. 


Bearcimore’s tlie followiiigv ve 

have these effects:-— ^ 

30 feet per ininute will not disMrb sand Math clay and stone. 

40 feet per miimte will sweep along coarse sand. 

60 „ n fine gravel 

120 „ 5 , „ rounded pebhle.s. 

180 „ » n angular stones. 

Bottom velocity (whieli imparts the greater motion) differs from the mean 
velocity in the ratio of *80 to 1, or foiir-fifths. The greatest discharge from a 
circular pipe is when it is not quite full— that is, when the how occupies ratlier 
more than fifteen-sixteenths of the area of tlie pipe,— and the greatest evleeifig 
occurs when it occupies thirteen-sixteenths. 

The velocity of the flow depends upon the ineliriation of the pipe, and wluit 
is called the hydraulic mean depth, which is the cross-sectional area of the .stream 
in square feet, divided ])y the wetted perimeter in lineal feet, the wetted peri- 
meter being that p)ortion of the surface of the pip)e which i.‘< in <'nnta('t with tlie 
stream. For imstance, in fig. 309 the wahted perimeter would be the length .aob, 
and the sectional area of that portion of tlie pipe wdiieh is 
filled up to the horizontal line ab, divided by the arc Ac. B. 
will give the hydraulic mean depth. When the inclination 
of a pipe remains the same, the greater the hydraulic iiiean 
depth the greater will be the velocity. The friction between 
the particles of water and the surface of the piipe influences 
the velocity, and this is a factoi* wddeh has not hitheiW^ 
received as much attention as its importance deserve.s. 

The amount of this friction will be goN'eriiod more or le.ss by 
the excellence of the glazing, and freedom from roughness and obstviuttions on 
the surface, and also by the accuracy wdth which the joints arc made, as resis- 
tance to the flow would he caused by one pipe projecting, slightly over the om*. 
next above it. It is clear, therefore, that the better the finish of the pipe, and 
the more accurately it is laid and jointed, the higher will be the velocity, aud 
consequently the greater the discharging capacity. 

While the velocity, of a pipe should hot be less than 180 feet per minute, it 
is not an advantage to have excessive gradients, especially in branch drains, 
because the excessive velocity so produced would, in times of liglit discharge of 
wastes from the house, cause the liquids in the sewage to part from the solids, 
and these would be left behind, decomposing in .the pipe until the stream wa.s 
sufficiently strong to carry them along. There is. no reason why steep gradients 
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slioiild be adopted, as, by laying tbe pipes in the manner which will be herealter 
pointed out as necessary to effect a change of level, it is very simple indeed to 
adliere to the self-cleansing gradients. These may be very easily remembered 
bv means of Maguire’s cleeiinal rule. Tor 4-inch, 6-inch, and 9-inch pipes, the 
iigure of the diameter multiplied by 10 gives the gradient, thus :—- 

A drain 4 inches in diameter must have a gradient of 1 in 40. 

„ 6 „ „ „ 1 in 60. 

„ 9 n » 1 “90. 

For good materials and workmanship these are approximately correct, as will be 
seen by reference to Table XXI. , but when greater accuracy is important, 
resort must be had to a selected formula. 

In order to ascertain the velocity of the flow of water through pipes, 
numerous experiments have been made in all countries under all sorts of con- 
ditions, from which formulas have been compiled and published, many of which 
are very well known to engineers. That of Weisbach is the one used in the 
tables pilblishecl by The Surveyor, and almost all that are recorded will be 
found ill the little pocket-book issued by Mr. Albert Wollheim, A.M.LC.E., 
called The ^'Sewerage Engineers Note-hook For a long time past the one most 
generally used in this country has been Eytelweih’s, which has the merit at any 
rate of being easily remembered, and not demanding too great a mathematical 
strain in its solution, as will be readily gathered; it is 

V=.55Vli'^^, , 

where V = velocity in feet per minute. 

E = hydraulic mean depth in feet. 

H = fall in feet per mile. 

55 -= a constant. 


A Swdss engineer, Kuttcr, has introduced a formula, which includes a co- 
elricient for roughness, varying according to the nature of the materia ls u.sc'.d in 
the channel, and this has been somewhat reduced find sim}>lified by an American 
engineer, P. J. Flynn. Mr. lYolllieim in his Note-hook adopts Gliczy ainl 
Eytelwein’s Ibrmula — 


V = G\/RxS, 


whei’e Y ~ velocity in feet per second, 

E “ hydraulic mean depth in feet. 

inclination of water surface 


S — slope 


length of channel 


0 a co-efficient determined by experiment. 

The value of O'S/il will vary according to the co-eiiicicnt of roughness whidi 
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Adopted, and for gLiJ^ed .stoneware pipes w^liere the coiniition 
this will lie '013. and then the values of C^Si/R will he--- 


ill' tine surfaia*. is fair. 



for G-ijieh pipes flowing fhll, 24'GU, 
for U-ineli ])ipes flowing full, 34’UO, 


and the value of ma)' he aseertaiiied from the following talde (1*. J. Flyiiii) 
according to the gradient requirctl. S = B.ine of angle of iiu-lination ~ i.-d I of 
water-.surface in anv distance divided Iry that distance. 


Table XX. 

TALUES OP Vs FOPhAU^^^ FPOM I IN t '['() I IN GO. 



Slope. 


■! IGor'f 
1 1 SOTS 
i ITSIVI 

11 Tun 
i!n:ilS 
1 lOiTo 
! i47os 
1 1000! 
ii;;e2s 
1 1 0000 
i 1 1 sfja 

mill 
1 ionn 

100701 

1 no 100 

i OS-Hit 

J o7s;ei 
107211 
loiiiiOO 
1 Of 1000 
100109 


M-!:i;i7 

l-}2st7 

MMlM. 

I-IIHCJS 

inSOT'! 

i:i7;j!)i 

■iOfiOSt 

1 0-1 sou 

1 .‘iltiOU 


1.00111.! 
192-150 
1<S89S2 
■1 85005 
■182574- 
•170005 
■170777 
174077 
171499 
109031 
166667 
164399 
102221 
160125 
158114 
156174 
15-1303 
152499 
150756 
1-4907 1 
147444 
*146865 


500000 

417214 

408218 

377978 

35355.3 


■30151 i 
•288675 
•377350 
■267261 
'258199 
•250000 
‘242536 
•235702 
•229-116 
•223607 
•248218 
•213-300 
•208514 
•20412-1 
*200000 


131305 
130189 
129*10!.* 
1 28(137 
12700! I 
1 25 '.i8s 
125000 
1240:15 
123091 
122169 
121 268 
120386 


The solution of Kiitteds original fomiiila, or of the luotliheation 
Flynn, is rather too complicated and intricate a process .for ordim 
and the formula recently devised fey Mr. Santo Crimp, AF.LC.E., 
simple for general use, It is the outcome of a long series of e: 
approximates in its results very closely to 'Kutter’s when tin 
roughness in that formula lies between "012 and *013. Crimp’ 
follows: — '•■■-■- 

, . - 4? != 134 , \/s 

• where ia' feet per second. 

,?•= hydraulic mean depth in feet, 

, , s - fall divided by the length. 
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;iilar pipes running full or half-full this is equivalent to 
Y = velocity in feet per minute, 

L) = diameter in indies = 48?'. 

I = inclination, or lengtli divided by the fall = 1 
Q = cubic feet discharged per minute when running full. 

hT.r..:Uxr 563^1^ , 


In tlie I'ables mid Diagrams for use in Designing Setvers, by W. baiito Crimp, 
M' I.C.E., and C. E. Bruges, A.M.I.C.E., will be found the velocities of all sizes of 
pipes for every gradient required, together with a table for calculating their 
values, and the use of these tables will be found of great service. 

it will be noticed that the hydraulic mean 

S. A. F. =» •7864 pa 
W. P. S'lAlO D 
=> ■ -25 :D ■ 


On reference to Table XXI. 

^.th of a circular 

pipe is the same 
when the pipe is 
flowing full and 
half-full, being equal 
to one -fourth the 
diameter of the pipe, 
and that it is greater 
when flowing three- 
(piaiters full, but, as 
already poi uteri out, 
it will be greatest 
when the pipe is 
thirteen - sixtruinths 
full. 

The discharge of water throug’h pipes is calculated by multiplying' 11 n; 
velocity in feet per second by the sectional area of the stream, thus — 

D = VxA, 

where 1*) = discharge in cubic feet per second. 

On p. 150 of Blaggs book on Sanitary Work”, figures are given sliowing 
the carrying capacity of a circular sewer when rumiing full, half-full, two-thirds, 
and one-third full, and the infoi'mation is here exhilnttnl in Hg. 310. 

I 0 . 0 . occurs at 'Gl ii. 

4 c.o, occurs at '5 ir. 

O.c. occurs at -39 n. 


FULL 


P.C.O. 3002 


2.4 FULL 




DRAINAGE, 


= carrying ea,paeity; H.='heiglit in feet; T). = diameter or widtli at sjn-iiiging in fc.ut; 
proportioiial carrying capacity (the width, D, at .spi-inging of the arc]i=-i in each ca.se-); s.A.i-. -- 
sectional area of flow in square feet; w.l>,= wetted perimeter in feel; li.M.i). -- iiydranlit; moan 
depth in feet. | 

The effieiency ot, iwneh, 6-inch, and 9-ineh pipes at tlie renpeetivc grudii'ids 
of 1 in 40, GO, and 90, and at various depths of tiorv, is shown in Tal)le XXI. 

T.VELE XXL 

HYDEAULIC MEAN DEPTH, VELOCITY, DISCHAEGE, Ac-., OF 4, 0, AND 
9-lNCH CIKCCLAE. DRAINS. 


i t’roporticiii of ' 
j Seotiolittl Aveii Depth in 
I oi-.cupieil by j iiiehes. 
i the t'low. I 


Seetitnial Area 
<i( b'hnv 
ill siiuare feet 


n.M i) 
in feet. 


ill feet per . in Ciibie fret 
niiiiiite. j per iniiiute. 


9-i}ich 
pipes 
falling 
i in 


158 

139 

00817 

0573 

0384 


6-incli 
pipes 
falling 
I in 


4-iiu:h 
pipes 
falling 
1 in 


For other sizes of circular drains, the culciiiations will he siniplilled b}^ tbe 
use of the following table : — 

Table XXII.i 

DATA FOE CALCULATING FLOW IN CIECULAE DRAINS. 


Depth of 
Flow, 


Wetted Perimeter, II.M.D,; 


Full • -7854 # 
I -632 # 

' ^ '556# 

i '393 # 

I- -229# 

i- *154# 


3'1416d 
2'095i 
1-911 d 
1-571 d 
1-23U 
l-047i 


-25(7 
296 d 
■292 d 
■25 (I 
■186 d 
-147 d 


J This table is taken from The Sewerage ^^oU^Bitoh % Albert Wollheim, Assoc. M.Inst, 0,K 
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When it is required to ascertain the discharge of a pipe at any specific depth 

offloWytliefollowingfornmlainaybeused:— 

A = Sectional area of flow. f = radius. 

P = Wetted perimeter. d — diameter. 

H M D = Hydraulic mean depth. 7r = ratio between diameter and 

circumference, or 1:3-1416. 


HMD = p 

A (full) ~ cP X and P (full) ~clx 
A of segment = V (0*626 xY -{- 0 “^ 



(Semi-chord c may be found by right-angled trigo- 
nometry). ' 


Or A of segment ^ 


V180 



Fig. 3H.— Diagram to illustrate Trig- 
onometrical Caleulation of the Dis- 
charge from a Circular Drain. 


Perimeter of segment - number of degrees x *017453 radius. 

Those not accustomed to the use of trigonometry may find the follow- 
ing method of solution of the problems somewhat 
simpler: — 

■ IC T == radius of circle. 

N 0 T ~ chord of whole arc. 

N Q = chord of half arc. 

0 Q = versed sine (or depth of flow). 

N T Q = segment. . . 

.From NK^ subtract 011^, and the square root 
of the remamder = ON = 4 N T. n circular Drain. 

N Q may be found from the following,— N Q. = -\/Tj + i 

Wetted Perimeter NQT = (8 N Q—N T) -r- 3. 

Area of Segment N T Q = f (N T x 0 Q) + av 
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CHAPTER. III. 

' DRAlN-PIPEa ■: 

/ V/ , The: eMef pomts, to be considered in the stdeAhioii ofAlraiii-pipes are strength, , 
durability, tigiitness, smoothness, nature of the material, shape, and method of 
jointing. 

1. Strength of drains.— At first sight it would appear as if there is no need 
for strength, but the ground in which the drain i.s laid may not be veiy'' solid, 
and a slight sulrsidenee may occur aiul thus bring a. severe strain upon the 
drain; there is also the strain <;aused ])y the superim|.)osed weight al' tlie material 
replaced in the trench, which may be subsequently eonsiderally i?iiU‘ea..se<l if tlie 
IcYcl of the surface, should he in a,iiy way altertid. Again, t!ier(^, are ct'rtain 
districts, — siudi as in some eolUery distrhits, wlicre th('. workings are shallow and 
subsidence of the ground i.s continually going on, and in the bi'iue-|uuiq.!iiig 
districts, as the neigh] M)urhoods of .VorthwieJi ami Droit.wirii,- - where siidtlen 
and secere strains are impo.sed upon the drains, rendering it extremely difrh-.ult 
to maintain them ])ermanently sound. While in actiuil working there may be 
little risk of the drain I)emg severely te,sted, it does sometimes oecur that an 
exceptional stoppage will cause a whole- pipe to be filletl witii water at a con- 
siderable pressure- While a house is being Imilt, tlie drain may liave to sta.iid 
some rough, treatment; or it may ])ass tlirongh a wall, and the vveiglit or .settle- 
ment of the wall may cause unequal pres, sure. Tin.* matmhtl of wliieh the diuin 
is made should be strong enough to withstand these various struiiis. 

To test the strength of a drain it is necessary to try it in various ways. In 
order, to ascertain its resistance to CT-mhing, cut a hole to recei ve the socket, and 
bed the pipe horizontally and evenly, then pack and fill up with sand, and 
apply a weight uniformly along the top. For resistance to hreahing^ Bup>pc>rt 
the pipe on blocks and apply a weight at the centre. For internal 
use the ordinary hydraulic press, great care being exercised, in screwing up the 
press, to close the end of the pipe so as not to strain or fracture the material, 
and the pipe must be set plumb up and level, and the plates travel in parallel 
lines; if very accurate results are required, this is a very delicate operation. 

During the 1897 Sanitary Congress in Leeds a visit was paid to the works 
■ of the Leeds Fire-clay Company at Wortley; and at Messrs. William Ingham & 
SoiTs branch, an ordinary 6-inch pipe, taken haphazard from stock, was tested 
for bursting, and did not collapse until a pressure of 150 lbs. on the square inch 
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AVRS readied. It is needless to say that sudi an extraordinary pressure would 
never be experienced in practice. 

The weakest part of a pipe is at the dosing up of the shoulder of the socket 
to the barrel, and at many works the sockets are put in by hand after the pipes 
are moulded; pipes thus made must necessarily be weaker than those made 
complete in one moulding. 

Bearing in mind the strains to which pipes are subject in transit from the 
kiln to the trench, the proper place to apply a test for strength is at the spot 
where the pipes are delivered for laying. 

2. Bupahility.- — A drain will in all probability be alternately wet and dry, as 
the flow in it will be very variable; it will also be exposed to extremes of tem- 
perature, as the water may enter it at any temperature between freezing and 
boiling. On the outside, the chemical composition of the soil may affect the 
durability of the drain ; while as regards the inside, the eflect of the exceedingly- 
complex and ever- varying nature of the sewage cannot be ignored. The pipe 
has also to resist friction, and its inside surface must be sulEciently hard to do 
so* The bottom part, or “invert”, as it is technically called, necessarily has to 
bear the greatest strain from these wearing influences, the most destructive of 
which are the particles of sand and grit which are continuously borne along with 
the sewage. In the case of large sewers, it is the universal practice to construct 
tlie invert of harder materials than the other parts of the sewer, but in a house 
drain this is impossible; therefore all parts of the interior must be sufficiently 
hard. It is possible, however, to furnish the interior of a pipe Avith a hard skin 
that Avill also give smoothness, and, in the case of iron, one that Avill afford a 
protection against rust. 

The resistance of a pipe to abrasion may be tested by applying a loaded 
small section of the pipe to a revolving grindstone kept AAmt and clean, the 
diameter of the grindstone and the number of revolutions required to rcmoA c 
the glazing, or to wear aAvay a definite thickness of the pipe, licing recorded. 

3. Tightness. — At one time little regard was paid to the tightness of a drain, 
either as regards the material itself or the method of construction. Fortunately, 
a very different standard of efficiency is now required. Whatever is put; inff* a 
drain must be carried off Avithout any loss on the Avay, in order that tlie sul>soil 
under and around the pipe shall be kept free from contamination; and one of the 
necessities of modern sanitary construction is, that a drain must also be air-tight 
as well as Avater- tight, as the contents of a drain are liable to tlecomjAose and to 
give off dangerous gases. 

The impermeability of a pipe may be tested by its capacity for absorlung Avatcr. 
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4. Smoothness. — It is evident that aiiv want of .sniootlmesK \voultl 

not only largely increase the tendency to deposit and the risk ut a,i'tual choking, 
but the efficiency of the discharging capjacity ol the. pipe would Itc iv-duv'C-d, by 
the roughness of the surface in.i].)eding the tlow and causing the solid peirticlcs in 
the sewage to adhere to the bottom; it must not be forgotten that, even in house 
drains, solid substances of considerable size occasionally pass down,— such as 
pieces of fioor>eloth and scrubbing-brushes, —and one of these, lodging against 
an accumulation of deposit, would quickly cause a complete stoppage of the 
drain. While it is not possible to have the interior of a drain as perfect as the 
interior of a long glass tube, still this is the ideal which the manu&cturer has 
before hi, y mind. Some materials, wffiile otherwise suitable, have not this smooth 
surface, But can be made available by coating them with some other substance ; 
this, however, -is : only .efficient \vhen' the suriaeC' is; ,S0: j the body as to, be 

practically one wdtb it, and continue, s to renniin ,so. 

To produce this glaze upon a hre-clay or stouicware pipe, it i.< usual to throw 
salt into the kiln <lu.niig the firing, .so that when t!u‘, pipe i.s ('ompletiffi' burnt, 
it has a highly-glazed surface, which practkadly I'cnders the pipe impermea])le 
except under extraordinariiy-high pressure, and enables it to re.sist the action of 
wliatever acids are present in the sewage, and also tlic {ihrasion caused by tlie 
silt and other bodies which find their way into drains. 

5. Materials for drain-pipes. — Drain-pipes are most freqTtentiy made of 
earthenware, hut cast-iron pipe.s are now coming into favour, as they posse.ss 
certain advaiitage.s. 

Earthenware pipes are now most gcnei’ally used, tuid ma)' Iw divided into 
stoneimrc imdjire-clay. These materials, tliongh in some rc.qHa.‘t.s dillcrent, ara, 
to a great extent similar both in propertic.s and method of us(*. It is a t'.omiaoji 
thing for drain-pipes to he specihed as stotiewaiH*. without regard to tlu'se didci’- 
ences, and for fire-clay pipes to be accepted as stoneware; it is, Iiow'cver, very 
difficult to define precisely wffiere stoneware ends and fire-clay ];)egius. The well- 
known Lambeth “ stonewmre ” pipes are made from clays obtained from Idorset 
and Devon, and their peculiar excellence consists in the vitreous and inqu-rmeuldc 
body of the material. It is more tenacious than fire-clay, so that an equall}' 
strong and durable pipe is obtained with a thinner crust. The pipe,s are conse- 
quently lighter, which effects a small saving in carriage, and in handling the 
larger pipes. It is a significant feet that this clay, owing to its power of resisting 
the action of corrosive liquids, is extensively used for chemical apparatus. 

More frequently, however, drain, -pipes are made from the clays obtained from 
the coal-measures, and known as the fire-clay heds'\ These vary very much 
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in their density, porosity, and ductility, all of which qualities are severely 
tested in the various processes of pipe-manufacture. The raw mixture should 
be so prepared and pugged, as to be able when dry and fired to retain, with 
only a slight deviation, the shape imparted to it in moulding. The most 
essential features to be obtained in the finished material are toughness, tight- 
ness, impermeability, durability, and strength, and the clay should be so 
finely ground that the finished pipe shall possess a perfectly smooth surface 
throughout, the crust being thoroughly homogeneous and capable of resisting 
intense heat. 

Analyses show that the composition of the clays from which the stoneware 
pipes are made, and that of the Wortley clay from which the Leeds pipes are 
made, are much the same, but the latter possesses a mechanical condition which 
renders the pipes less brittle. 

A good pipe should be well burnt throughout its entire body, straight in 
the barrel, truly cylindrical when cut die-square, highly glazed over the whole 
surface; the interior should be free from blisters, clinkers, and other defects, and 
the pipe should ring sound when rapped with a hammer. 

It is customary for the crust of stoneware pipes above 6 inches in diameter 
to lie -jV of the diameter in thickness, and that of fire-clay pipes to be yV- The 
following table, containing various dimensions of pipes, will be found useful for 
reference:— 

Table XXIII. 

DIMENSIONS OF EAETHENWAEE DEAIN-PIPES. 


Diameter of pipe, ... ... ... 

4 in. 

6 in. 

9 in. 

m • V r . f Stoneware, ... 

Thickness of crust, ’ 

Depth of socket, ... ... ... 

Weight of pipe, {Vdi™:; 

Numher per ton,-|h“ 

,i'0 . ■ •••■ . 

— ill 
-JL- in 

If in. 



17 lbs. 

88 yds. 

44- in. 
i|in. 
in. 

30 Tbs. 

50 yds. 

f iu. 

in. 

2T in. 

59| lbs. 
a 4 lbs, 

25 yds. 
23|- yds. 


The use of east iron for the carriage of water naturally suggests its employ- 
ment for the conveyance of that water wlien it has become converted into 
sewage, and if it is possible to make a joint that will withstand the jjrossure 
exerted by the water, the same joint will be efiective in preventing any escape 
of sewage or sewer-gas. Cast-iron pipes used for the purpose of drainage, 
although not requiring to be so heavy or strong as water-pipes, should <a.ulaiiily 
be finished in the same way, in order to prevent the actio]i of rusting Imth on 



the interior and exterior. The mere mention, in a speciiieation, of iron pipe,'? 
without stating details is not suftieieiit, as builders would get v».*ry light ones, 
and even rain-water pipes, so that the consequences would be worse than the 
{ 30 iidition of things it was sought to remedy. There must therefore be rigid 
regulations with regard to size, weight, and finish. As the pressures in drains, 
even under accidental circumstances, are not particiilarly great, it is not 
necessary to use very heavy cast-iron pipes. They should in all eases be of the 
following dimensions and weight as a nimimum :— 

, ''Table XXIY. 

DIMENSIONS OF CASTTim" DRAIN-FTPEa 


J.engHi. 

Diameter. 

1 

'f.'iiiekuesii. 

'We 

iglit. 

Depth of Lead. 

j Weight of i.viul i 

i 

ipacf. it: .'Dfiiet,*-'. 1 

9 ft. 

. :■ ■ ■ : 

4 iu. 

■;< w. 

1 cwt. 1 

qr. 3 11 IS, 
■vvt. 

U iu. 

i . ■ 1 

i 2-14 1 

. 1 

H i 

9 ft. 

G ill. 

:4 ill. 

3 ( 

3 in. 

I ! 

ii in. j 

9 ft. 

9 ill. 

A' in. 

4 

iWt. 

2 in. 

! .10. A i 

in. i 


Iron pipes must l^e free from rough pi-ojectioris, and sliould be euated in smiie 
way to prevent oxidation 1 x 0111 contact with the sewage. Idie compiisition best 
known and most commonly used is the; varnish devised liy tlie kite Idr. Angus 
Smith. It is a compound of tar, pitcli, and oil, into which the iron is dipped, 
both iron and solution being at a temperature of not less than 300"' F. The 
solution dries into a hard glossy black skin, wdiich resists, for a consideralde time 
at any rate, the ordinary influences to which, pipes are exposed. 

Another class of pipe which is frequently used is the one kiiowui as the glass- 
enamelled iron drain-pipe. The skin is practically like glass, and of a clear 
yellow or brown colour. These pipes are made in 6-feet lengths exedusive of 
socket, and tlieir weights are — for 4 in, 90 lbs,, and for G in. 150 lbs. 

The use of east iron for pipes permits of much more forcible methods lieing 
adopted in making the Joints, the plan usually adopted being to make a load 

joint on the ordinary socdvct and spigot pipes, 
as shown in fig. 313. The depth of the so(3kets 
should be 4 inches, the inner 2 inches being 
first caulked with white spun yarn, and tlie 
outer 2 inches , then filled with molteii lead, 
care being taken to use sufficient lead in one running to complete each joint. 
Bends, traps, junctions, access-holes, and all the usual accessories as made for 
stoneware drains, can also be obtained for eastrif on drains, and can be fixed and 
jointed without difficulty. , , N _■ , ’ ^ • 


Lead- 
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6. Shape of dram-pipes. We have already laid it down tliat pipes must be 
perfectly cylindrical, but it must not be forgotten that the eg’g’-shaped pipe, in 
condemnation of which we have already given sound reasons, still appears in the 
catalogues of some makers, but with sockets. Although this shape of pipe is 
theoretically perfect, in practice it does not answer for such small drains as are 
generally used for houses. 

At the Sanitary Institute Congress held in Newcastle in 1896, a new form of 
pipe was introduced by Mr. Plummer, F.E. LB. A., and as it is now upon the 
market, it will be well to call attention to it. Mr. Plummer wms induced to 
bring out this design by reason of the results of certain experiments which he 
made upon G-incli and 4-inch drains, connected with a w.c. having a 2-gallon 
flush; and owing to the amount of deposit left in the drain, he came to the 
conclusion that a 
pipe having a more 
contracted invert 
would be more efii- 
cient for the pur- 
pose.’- The form of 
pipe adopted by 
j\Ir. Plummer is 
shown in 'fig. 314, 

, /» 1 Fip. —Elevation anti View of SocUet-eiul of Plummer’a Drain-iiipe. 

the radius oi the 

invert being 1-| inches. This shape follows the design of a sewer that is 
very common in large towns, especially in Paris, the invert being tlie channel 
for the dry-weather flow. While it has uiidonhtod merits for exceptionally- 
large sewers, it remains to he seen •whether in practice it will satisfactorily 
keep itself clean in house-drains, owing to the numerous bulky articles wiiicii 
hiid tlieir way into them. It is claimed by the proprietors tluit solid matter 
in the drains is in continual contact with a stronger and deeper force ef 
water than is the case with a circular pipe of similar diameter. The laigt.' 
upper diameter of these pipes provides for a sudden flood of ivater in the 
drain. The pipes roll into and remain in their correct position, and are not top- 
heavy or inclined to fall to one side, as in the case of the egg-shaped form. The 

^The results of these experiments will be found in Volume XVII., Part IV,, i.f the Jnur-nal of the Sanitary 
Institute, and it wall lie well to compare these with the tests made by a committee of the Sanitary Tustitute <.»n the 
flushing' of water-closets, and published on the Ist Isovember. 1893. It must be liome in mind, bmvevt'v, that, at 
Newcastle, the water-supply is in the hands of a company, who limit the flush to water-closets to two gallons. While 
the question as to whether tw-’o gallons are sufficient for the purpose i.s still a matter of opinion, it must not be 
forgotten that, in towms where the water-supply is in the liands of the sanitary authorities, the tendency is to increase 
the flush to three gallons. 
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advantages of strength arc maintained by tlie circrdar torm soeket', au<l the 
pipes can be eonneeted with existing circular pipes and sockets of tire-eday or 
iron. Owing to the shape of the pi.pcs, only those wjj id i aia* well huaned can he; 
truly fitted togethej-, lienee a inislbnned pipe inu.st be disearded. 


7. The jointing- of drain-pipes. — For years subsequent to the introdueliun 
of earthenware pipes, the necessity for sound jointing was not sufficiently 
recognized, in many instances joints being purposely left open in order that rlie 
subsoil water might be drained away. It must not l*e forgotten lliat tlrains are 
of necessity laid quite close to the bouse, and at a shallow depth, so tliat in case 
of leakage the soil around and about the bouse graduall}- becomes impia-gnated 
with filth, and the vitiated air is drawn into the house l>y tiie beat tbr-.i-cin. For 
this and other reasons which have already been pointed out, it is a. sanitary 
necessity of the first importance that tlie drain mu.st be absolutel}’ wator-tigiit 


and air-tight. 

The material for jointing the pipes should in the first instance be in a soft 
or phistic condition, so as to be ea.sily worked and nja<le to c<mi]d<-tcly fill the, 
space between the spigot of one pipe and the socket of ibe otlnw, Ihr t-licape^t' 
material for jointing pipes is da?/, and this is unfortunate iy still hugely ust-d for 
the purpose, in spite of contintted protests by sanitary engineers. So long ago us 
1878, Mr. Baldwin Latham drew attention to the danger of using this inateriaL 
as being one of the worst that could be found for tiie puipo.se. hi his wtM- 
known work on Semiiary Engineering^ he .says: — “'We seek tlie most impeia'ious 
materials wherewith to construct our sewers, and ofteti spoil their etfec't ]>y the 
indifferent manner in which we pub the materials together. A s<fi‘t }-ieldiug 
substance like clay is about tlie worst possible material that can usi'd for 
jointing pipes, as it must be clear that clay is liable to get wnslmd inifc <:*f ilio 
joints, both from the action of the water escaping from the })ipe ui* tin; wat<‘.r 
.flowing from the subsoil into the pipe. Apart from, this, a soft yudding material 
,when used for jointing, notwithstanding however pei-fectly the work may be 
performed, will, lead to failure, as the weight of the eaiih cor cring the pipe 
causes the clay to be squeezed out of the lower part of tlie socket of the pipe, 
leaving an aperture in the upper part; through .which server air and sewage may 
escape, or water and sand be carried' fcoin the .subsoil into the sewer. Tiiese 
serious defects in jointing not unfr,equently lead .to the disturbance of the line of 
pipes and destroy the regularity of their bedff ' Mr. De Courcy Meade, the City 
Surveyor of Manchester, in 189.3b when: he was .'the Surveyor of the Hornsey 
Local Board, in a report upon “ Intemfepidng and ‘Water-tight Drains”, 
likewise called attention to the dangers uxising from the use of this material, 
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especially as ‘‘cracks will almost invariably appear in tlie clay filling, as it 
becomes dry and shrinks’’. 

Tlie cutting of socket holes for the purpose of giving the barrel of the pipes 
a continuous rest upon a firm foundation is very seldom performed except under 
closest super\dsion, nor is the puddle band carried completely round the pipe 
under the invert; and as niueh of this class of work is done by contract, or the 
labour performed by piece-work, it is hardly to be expected that drains so laid 
will continue water-tight. 

The question of jointing earthenware pipes has always been one presenting 
great ditfieulty, and the material used for jointing' is of great importance. It is 
generally common lime ■mortar, or mortar made of some more or less hydraulic 
lime or (;ement. For any purpose which implies contact with water, as a drain 
does, conmioii lime is quite unfitted. It is readily worn away, and has not that 
closeness of texture needed to render it impervious both to water and gases. 
While dines are of course better than common limes, their use and the 

saving supposed fco be cftected by them cannot be weighed with the advantage 
gained liy using cement. Without making any comparisons between the relative 
merits Jioman and For tlancl cement, it slionld he admitted at once that a 
joint made with Portland cement and sand is a right one, subject to certain con- 
ditions; — there must be only one pmh of sand to 4 parts of Portland cement, ai^d 
cai'e must be taken that the sand: is free froni dirt, earth, or clay, and that it is 
sliaip ])ut not cioarse iji the grain. As ordinarily made,-— that is, with iiiiproper 
sand and inferior cemejit or lime, and improper proportions,— -the joint is quite 
as objectionable as the clay joint, not pnlv from defects of material, but also of 
workmanship. 

AYe ]iave already pointed out that there is a space !)et'Wecn tlie sjngot and 
the socket of adjacent pipes when the spigot is driven liome, and in making’ the 
joint, the spigot sliould lie properly set up in the socket 
so as to get a true alignment of invert, and so that the 
whole space around the spigot may be evenly filled. 

Generally speaking, the labourer intrusted wfitli this 
work takes care to plaster plenty of cement on the top 
of the pipe, vfiiere it can be seen, but a close examination 
will often prove that the invert is entirely bare, and that 
the spigot ha,s not been set up. A reference to fig. 315 will shoiv bow pipes are 
generally laid, revealing the spigot in contact with the socket at tlie invert. 

Another great objection to joints made in this way is that the cement is 
usually applied in too moist a condition, and there being nothing to resi.st its 


EIIVj-c Cvrruint 
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FiR. SKi.— Faulty Draiu-pipe .Toiut 
Itiilsri'! of OiiiiU'iit. 


J'Lpx^ bl.t 
\ SKczft 


Fig. 317.- -The “locci ” Drain-badger. 
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the socket to a distance equal to tlie thickness of the socket, ciiid be neatly 
bevelled off to an angle of 45°. This joint is shown in tig. 318. It is a most 
cflieient one, and requires considerable skill and care, and although it costs more 
money than the somewhat loose and unsatisfactory 
method first described, it is well worth the extra 
expenditure. The cost of the tarred gasket is about 
4d^. per pound, and the weight required for a 6 -inch 
pipe is 4|- oz., and for a 4-inch pipe 2^- oz.; the amount 
of cement required for a 6-inch pipe is 2j lbs. , and for 
a 4-inch pipe l-j lbs.; the time expended by the pipe- 
layer in laying, driving home, centring, setting up, 

caulking, and pointing the pipe, averages for a 6-inch pipe 5f minutes, and for a 
4-ineh pipe 2-g' minutes. These times do not include any work about the trench, 
or in lowering the pipes, which would of course be common to all types of pipes. 
Fig. 319 shows the “Xoeo” self-centping* joint. It will be seen that on the 



socket are two lugs, c and D, 
on which the spigot rests, so 
as to bring the inverts true at 
the i oints. The iugs prevent 
the insertion of tarred gaskin 
tlie whole way around the 
s])igot, and as there is no pro- 
vision made, as in Hassall’s 
joint, for preventing the 
cement from coming up 
through, the joint, a badger 



Sectioiial Plan on line A B. End Elevatiun. 

Fig. 319 .— The “ Loco” Solf-centriiig Joint. 


must always be drawn tlirougli the pipie for the jmrjiose of wiping ofi the 


jccting cement. 


It will be seen that tliere are manx' difficulties to be oveicome in fonniiio’ a 


perfect cement joint. It is not surprising, therefore, that con.sideralih.' a,t.l(mtion 
has ] lecn given to this matter; the patents for drain-pipe joints that ha-XT.* been 
taken out within recent years have been verx’' numerous indeed, but ma.iu’' of 
tiicse, although displaying great ingenuity, liaAxx failed to meet xvitli practical 
success. Some of them have ]>een foimd xvai.itiug in im])ortant particulars; and 
it is not necessary to do more than just mention them, such as those designed 
to afibrd arrangements to fixeilitate inspection, including half-socket pipcs> chairs 
and saddles, access-openings, butt-joint pipes with loose collars, ground joints, 
tongue-and-groove joints; other patents are for joints made hy compressing 
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flexible materials in tlie soclvct, aiTangomeuts to seeiii*e finii 1 abiding of gipes, 


and aiTangements to secure truth of invert. The special joints most generally 
used to-day may be classed under tliree liead.s:'~;/?'/wh joints br>sed on Stanfoiil's 
principle^ S 6 C 07 lcJ, spigot-and-isocket jennts with provision lor pouriiig-ui litjuid 



Fig. 321.--Douliion’s “Sell-arlitisting” Drain-pipe jfqiut 


cement; thirds screw joints. 


Stanford’s joint is tlie oldest of ah special joints, and is stiil in the iiebh 


was patented in 187d by Mv. W. H. C. Stanford, and is shown in fig. 320. On 

the socket is cast a ring of 
asphalt, and a similar collar is 
' cast on. the .s|}igot, the latter 
being tapered in order to admit 
dr .i - . of a ^sma 1 1 amoniit of adjint- 

ment in laying tlie pipes, and 
■ also.. a-:sliat'lit settlement., .witliout 


Fig. 320.— StanfonPis Drain-pipfl .foint. 


tinjhry. In laying the pipc^. 
both the ring and liu* «‘o!lar 
require greasing so n- to gel tin- 
joint to ft UKUO readily, aiul r** 
prevent stri})pii!g the coniposi- 


tion when the pipe is being adjusted to its position. As th.e pateni has i-iin < nit. any 
person can make this joint on ordinary pipes, the compiosition being foi'ined of <'nie 
part of clean sharp sand, one part of lioiled tar, and one part and a ludf of .sulplnir. 

Messrs. Boulton for some time liave had a joint based \'crv much on tlie 
same lines, which has culminated in the production of the joint known as “the 

self-adjusting’ joint”, and whiiji is shown in 
fg.:321. It is formed by {!h‘ ecaitaet oj’ 
twO; bands of comp)osition east on the. s[)igor 
of one pjipe and in the soi-ket of the otluM’ 
pipe:;:,:;-that on the spiigot is of a convex 
; form, and therefore admits of ilefci'tion on 
vfhO'tSiWhi'tP - - and - socket 

' ' , ' joint;' the lining on the socket is ('vlinclri- 

eal, — that is, of the sam.e diameter throughout its depth, and piartial withdi’awal 
of the spigot therefore does not impair the joint. It is free from complication 
and efficient, as very little depends upon the workman, the work to be done in 
the trencli being reduced to a mffiimmm, . The pipes are sup^pdied with the joint 
attachediianddhe^spigQt^:of:one^hassonlytobe&ihse:^e#/mt0^hhe^ 
make the joint complete. y. ■ y‘ '• b: c 
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Tlie Hingie-linecl pipes of Hassall’s patent joint are sliown in %. 322, It is 
somewhat similar to Stanford’s, but the sockets are iiiucli deeper. In making 
this joint, tlic ring and collar are first coated witli a specially-prepared plastic 



Fig. 322,— Hassairs Single-lined Drain-pipe Joint. A, with ordinary socket; B, with deep socket. 


cement (which is sent Out with the pipe), and then the pipes are pushed home ; 
only the joint is set flush, plastic cenient filling up the intea^stiees the 

spigot and the abutting edge of the socket ; the joint is then completed by 
pointing with Portland-cement 

There are obviously many advantages in iisingr special forms of pipe-joint. 
TJiei'e is a certainty of always getting a perfectly soiind, straight, well-glazed, 
and truly cylindrical pipe, as nohe but the best pipes are selected for the ]Rir])ose 
of jointing in a Special form, and while the labour invoh'cd in tins procc.ss of 
selection must necessarily be paid for, the extra cost is certainly I'ceuiijicd ]>\- 
tlie excellence of the pipes. There is also the facility in making the j(dins. and 
the rapidity with which they can be completed as compared Avitb canllciHl joints. 

Where rurmiiig sand or subsoil-water is likely to be met with in ilic gronud. 
or where the drain is laid close to a water-course, and where [?r(M-anl loncs 

must he taken to exclude a possible percolation of water through the and 

provided there is nothing otherwise to interfere with a rigid joiiit liciiig used, 
it will be found an advantage to adopt one of the other forms of joints, sinh as 
the spigot-and-soeket joint with provision for pouring in 1i<|uid ('cinent. 

Hassali’s patent safety joint (double-lined) can be used with advantage, as it 
can he readily and rapidly made in water; wlierevcr tliorougldy reliable work 
is desired, this is undoubtedly the best pipe to use. I quite coincide witli tlie 
opinion expressed by Mr. IL Percy Boulnois, M.LC.E., late City .Engineer, 
-Liverpool, in his Muntcijjcil and Siy/nitavy Erijjinee-v^ s Jlandhook, that ” Has- 
salls pipe is the best at present known to engineers and surveyors”. It will 
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be seen from the illustrati^^^ two rings of composition in the 

socket witli a space of about inches between theni, and that there are coi-rc- 
spon ding collars in the spigot. The mode of making the joint in the trench is 
as follows ; Laj a band of plastic cement, marked a in fig. 323, a sixteeiith of an 
inch in thickness, on the whole face of the composition lining, and lay aijotlier 
band, marked B, in the groove of the outer collar cast round the spigot. Tben 
place this spigot end inside the socket of the pipe lined wdth plastic cement, 



Fig. 3‘2‘).— Ildssiiirs Double-lined Drain-pipe Joint. 


and press it home with an iron bar or other suitable appliance, until the end of 
the spigot of the one pipe, marked c, abuts against the inner shoulder within 
the socket of the other pipe, niurktid u. The two bands of plastic cement wfill 
thus he compressed as shown in the drawing of the completed joint, leaving an 
annular space or groove between the inside of the socket of one jiipe and tlie 
outside of the spigot of the other pipe. This annular space is filled with a. 
mixture of five-and-a-half parts of neat Portland cement and tliree parts of 
water. Before pouring this cement into the annular groove through the open- 
ing F, a piece of plastic cement must he put under the bridge E (wddeh divides 
the two holes F and o), to block up the space underneath this bridge, so as to 
compel the Portland cement to run in one direction roniid the whole of the 
annular space until it appears again at the opening a; unless it does so appear 
the joint must be remade. The Portland cement should be poured througli a 
funnel placed in the opening F, so as. to run round the groove under pressure, 
and drive out all air or water that may be in it. . The plastic cement is supplied 
wdth the pipes. Tim Portland cement should be perfectly free from lumps, and 
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well mixed (but not until it is required for use), and sliould be w^ell stirred 

before being poured into tlie joint. 

If pipes are jointed and tlie Portland cement is not poured in at once, tlie 
two openmg;s, E and G, sliould be covered by a flat piece of clay, so as to keep 
the annular space free from grit, &c., until sucli time as it is filled with Poitlaiid 


cement. 

The advantages of this joint are: (l) it is air-tight and water-tight; (2) the 
joints are the strongest parts of the sewer; (3) a true invert is seemed bj' the 
pipes being centred properly when the bituminous bands are cast on, (4) the 
pipes can be laid in water; (5) in consequence of the joints being water-tight, 
the sizes of the pipes may be reduced; (6) the jointing material cannot be 
washed out; (7) the sewage can be passed through the pipes directly they are 


laid, without affecting the joint. 

A pipe designed very much on 
Secure” joint, shown in fig. 324. 
])ipes, a liituminous material is cast 
hy means of improved and patented 
apparatus. ' In these cast rings, 
grooves are formed in sucJi a way 
til at, wiien the spigot of the pipe is 
})la(5cd in the socket, an annular 
groove is olitained, into which 
cement is run to seal the joint. The 
cast rings jjave true he veiled sur- 


the lines of Hassali’s is Button’s patent 
On the spigots and in the sockets of tlie 



hices which allow of easy fixing, and 


when tlie groove has lieen filled witli cement, a perfe.ct key is made, Vv'liicli 
renders the joint not only strong ])ut alisolutcly water-tight. 

Another well-known pipe, for wliicli cement is used in completing the joint, 
is Green’s patent “ Truinvert ” pipe, shown in fig. 325. The oliject of tliis patmit 
is to form a perfectly-lcvel bottom or invert, to strengthen the socket at its 
weakest point, and to make a triple joint in a cheap and efiectivc manner. The 
inner socket is continued all round instead of heiiig semicircular only, and thus 
forms a level invert whichever side up the pipe is fixed ; at the same time it 
strengthens the socket all round instead of in one portion of the circle only, and 
it enables a triple in place of a double joint to lie made. It is claimed that this 
pipe secures true alignment of invert, increased strength in the socket, three gas 
and water-tight connections at every joint, and while allowing for a slight settle- 
ment when first laid, forms an absolutely rigid joint directly the cement sets. 
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The drawings and descriptive references thereto show clearly Imw these results 
are obtained. It should be added, however, that the inner joint o is formed I)}- 

lining the socket witli a 
small ( 


luaiitity of special 
waterproof cement, sup- 
plied free witli the pipes. 

Ames & Crosta's single- 
seal joint is shown in fig. 
32 fi. In this joint the 
so<jvet is made somewliat 
tleeper than a,u ordinary 
one, and has a s}>ecially- 
fbrmed sealing-chamber at 
the seat, ao constructed 
that the jointing material, 
displaced from th,e sealing 
chamber hy the spigot, is 


Cross and Longitudiiml 


Enlarged SeoRon. 


Fig. 325.— Green's “Truinvert" Drain-pipe Joint, 

A A, holes for pciuriug-in tlie cement or composition; BB, strengthened and lengthened a x* i. ’ 

socket; CC, inner socket and rest; EE, chamber for cement or composition; F F, Stanford preA^eiltGCl trom entering 
joint in new position. , , . T * i' . 1 

the pipes, and is forced 

into grooves formed on the spigot, thus gi’idiig perfect seal at the seat of the 
socket. Studs or rest pieces are formed midway in the socket, or thcreal lOuts, 
to ensure a true alignment of the invert at the joints; this true in\eil i." 

ensured without impairing the ctlicieiicy 
of The" joint, ;.the^ rest pieces being entirely^ 
surrounded with jointing material. A 
.. ■ruhning;-:in ^ hole;"' ;■ and rising'' holey .are ^ 
formed in the socket, so tluit the space 
between the two seuling-ehambers may 
be grouted with lirpiid cement. TMieu 
jointing these pipes, the sealing-ehaiiiber 
at the seat of the socket should be filled 
with clay, plastic cement, or other joint- 
ing material to the dotted lines a, the 

Fig. 326.-Am*eB apd Crosta'a Kngle-ml Draimpipe Joint. 

the sealing-chamber, when the displaced jointing material will be forced into 
the jointing space, overlapping the end of the spigot, thus forming a perfect seal 
at the seat of the socket. A fillet of the same material should be worked round 
the entrance of the socket, and the joint may then be grouted tlirougli the 
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witii licjiiicl cGiiiBiii}. If desired, lu][uid ceineEt uicxy ].)e dispensed 
with, and the joint made up in the ordinary way with stit! cement or clay. 

The double-seal joint for water-logged ground (fig. 327) has tlie sealing- 
chamber at the seat of the socket and rest pieces to ensure a true alignment of 
the invert, but the socket is extended, 
and a collar is formed on the spigot 
with a scaling-chamber similar to the 
one at the seat of the socket. In 
making the double-seal joint, the seal- 
ing-chambers at the scat of the socket 
and in the collar on the spigot should 
Ije filled wdth suitable stifi-jointiug 
material, and the spigot forced home; 
a perfect seal will thus be formed at 
each end of the joint. The cavity 



between the seals can then be grouted 


Fig. 327.— Allies it Crosta’s Doiilde-seal Drain-pipe .Joint. 


with litpiid cement. Care should 

alwtiys be taken to lay tlie pipes with the dart on the top, as this mark will 
indicate tliat the pipes are laid in the correct position. 

Another joint, known as Wakefield’s drain-pipe joint (fig. 328), has been 
introduced with, the object of overcoming the irregularity of invert caused by 
the settlement of the spigot within 
the sockcit, the improvement being 
effected by forming two corrugated 
ridges in the socket with a space 
between. .By tins contrivance the 
spigot end of the pipe will rest on 
four points in the socket, ail the re- 
inainiug space being occupied wdth 
Portland cement. The method of 
making this joint is as follows : — On 
the shoulder of the socket place a 
hand of mastic clay, then insert the spigot of the next pi[)e, taking care liiat rlie 
corrugations are always at the bottom, so as to be in position to receive tlie 
7iext pipe, and put a baud of chi}’ round the month of the socket. Pour uetit 
I oithiiid cement grom through the hole A till it appears at the liole B, the,n 
leave it for a few minutes; in the interval, other joints can he dealt with in the 
same w^ay, by which time the cement fi.rst run will he sufficiently set to j'cc'cive 



Fig. 32S.— WakrfieliVf? DfiUn-riijio .Viiiiit. 


the remainder fear of bursting out the clay baekiug. Pour gently 

tlirougli the hole o till the crovrii portion of the joint is eoinpleted. It is 
scarcely necessary to adal that in the eyent of a,n\' of the chiy 1 icing squeezed 
into the pipe it must be. carefully ndicd out. As an alternative method of 


making the joint, a,dvantage may he taken of the c(n*rngations only, for truly 
inverting the spigot in the socket, and the joint may he niaLio with stilt Portland 
cement in the usual manner. The principle of this joint is practically the same 
as that of the “Eest"’ pipe, made about twenty jaairs ago, hut not now in the 


marlvet. 


There are also a great ma.ny other speedal joints, such as the .Archer, the 
Paragon, Doulilo Seal, ami others. 

Sykes’s screw joint is of quite another form i tian those previously uoticed, 

inasmuch ,as the com-: 
position, is east.' ■ on 
the pipes with a male 
and female thread 
to,' '.'.''form, '"''.a ■screw- 
joint, and in making 
the joint a cement 
composition is used, 
which is forced into all the interstices hy the pressure exerted in screwing 
.up. Fig. 329 sufficiently explains the principles and metiiod of making this 



joint. 

To make uhsolutely certain that no ilamage shall occur from a pipe-joint 
leaking after a hqise. of years, which is often brought' ahoul hy tlie pressure 
of the earth causing the drain to give way at the joint, ii.- ha.s be-en sought to 
increase their strengtli by encasing* the drains in concrete. Tbe Al'odel By-laws 
which were introduced hy the Local Government Board in 1877, prescrilied that 
all drains sliouki be so eonstriictod, and this method has lioen in,sist<.‘d upon in 
ail subsecjuent by-laws, regardless of the fact that what may liave been tbe most 
effective method in the year 1877, is not necessarily so to-day,’- Surrounding 
the pipe wdth concrete is both a clumsy and expensive expedient, as will easily 
be seen, especially where the drain has to pass under a building; and one great 
objection to it is the difficulty of access when it becomes necessary to make a 
connection to the drain required hy any extension of the system. This method 
of embedding a pipe in a surround of 6 inches of concrete would increase 

^ At the time the Model By-laws were issued, the only one of the special-jointed pipes litre described in existence 
was Stanford's. 
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the cost of a 6-mcii drain under the most favourable circumstances by at least 
o.s\ per lineal yard. 

Fortunately by the use of east-iron we are enabled not only to obtain the 
desired strength, but also all the advantages that could be obtained from an 
ideally-constructed earthenware-pipe drain. 


CHAPTER IV. 

VENTILATION, DISCONNECTION, AND INSPECTION. 

It has already been laid down that the air-communication between the public 
sewer and the house-drain shall be severed, and that the latter must not ter- 
minate in a dead end, but be amply ventilated by openings, so as to create an 
midiminished current of air through the drain. The necessity for this is now 
admitted by all sanitarians; it is sometimes urged that, if the drain be soundly 
constructed upon the principles laid down herein, the time taken up in the 
passage of the sewage through the drain will be so short that decomposition can- 
not set in, but this is an erroneous notion, as, under the most favourable con- 
ditions, it is impossible altogether to avoid putrefaction. It must be remembered 
that the bull^ of the house-sewage is discharged in eight hours, and that, for the 
remaining sixteen, it is often not more than a mere dribble, quite insnfiicieiit to 
keep the drain clean during that jieriod, and it is then that sewage gases are 
largely generated. 

Although here and there may be found an advocate for the maintenance of 
a free communication between the house-drain and the public sewer, there is a 
vast preponderance of opinion in favour of disconnection. It is quite sufficient 
for each house to have to deal with the smells created by that house itself ; and 
it is in the power of householders to control the working of their own < Ira ins 
efficiently, but they are unable to control faulty construction and deposits in 
public sewers. Town-sewage is a much more complex mixture tlinn ordinaiy 
sewage, rapidly changing in its constituents and temperature, thus (‘.onstantJy 
transforming the gases generated. Owing to these varying conditiouH, the 
construction and age of the sewmrs, and other circumstance.s, the generation 
of sGwcr-gases cannot be entirely avoided, and it is no part of a liouseliulder s 
duty to ventilate tbe town-sewer by means of the house-drain, but, on the other 
hand, it is his duty to see that his house is protected against the influence of 
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infectious matter received into tlie common sewers, and this can only be done 

by severing the sewer-air from the house-drain. 

Tiiere are people who allege that there is practically no motion of air in 
house-drains except w^'hat arises from the disturbance caused by splashing at the 
junction, and that all effort at ventilation is so much waste energy. Attention 
may be called to the experiments made in this direction by Mr. Eicliard Horton 
in January and February, 1897, extending over fifteen days, and which wwe 
recorded by him in a paper read before the Institute of Sanitary Engineers 
on the 4th March. The experiments were made to ascertain and compare the 
differences of external and internal temperature of a series of drains, and to daily 
measure the external wind-currents at the same time as the rate of air-currents 
through the drain; the relative humidity was likewise taken, as well as the 
height of the barometer, and the state of the weather. The first drain was a 
stoneware pipe 34 feet long, with, a lead soifipipe and galvanized-iron vcntilat- 
iug-pipe 30 feet high (rising clear of the roof); the gradient of the drain was 1 
in 10, and the depth of flow of the sewage varied from 1|' inches to nil. A 
second series of experiments was made on an iron drain 5 inches in diameter 
and 4(5 feet long, having a fall of 1 in 46, the soil-pipe connected thereto being 
4-incli iron rain-water pipes with lead branches for the water-closets, lead aiiti- 
syphonage-pipes and vent-pipes 60 feet high; the depth of flow varied from If 
inches to nil. A third experiment was made on a stonewai’e-pipe drain, 87 feet 
long, having a fall of 1 in 40, the soil-pipe being of lead and the ventilator 90 
feet high; the depth of flow varied from l-J- inches to f inch,. As a result of 
these experiments Mr,*. Horton is of opinion that our prccoiicei\'ed ideas as to the 
infiuences of wind-pressure must he modified consideralJy. Other llnngs laung 
c([iial, efficiency of drain-ventilation varies directly as tlie relati^u'! humidity of 
the atmosphere. As the air becomes drier, the velocity of the air-eurrent in the 
drain increases, and as the air becomes more nearly saturated wuth wat,cr-Ya])ou)‘, 
the current diminishes. Where .the air -current in the drain docs not ^’ary 
exactly with the relative humidity, the difference can he accounte<I for by thc 
infiuenee of the wind being at a greater pressure and from a drier cjiiarter. 
Mr. Horton ventures to , place the different infiuences upon drain- ventilation in 
the following order of value:-— (l) The relative humidity of the atmosplicre, 
(2) Materials of which the drain is composed, (3) Tlie -wind-pressure, (4) The 
difference between internal and external temperature, (5) F.riction. 

By-law 63 of the Model By-laws, issued by the Local Government Board, 
provides for drains being trapped from the sewer. , The method usually selected 
as being most effective for tlie purpose is the water-trap, its position being as fiir 
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s practicable, but vvitliin the curtilage thereof, and as near as 
3wer. By-law 65 prescribes two arrangements for the purpose 
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Fig. 330 .— Section showing Drain-ventilation with Outlet at Head of Drain. 

efficient ventilation of the drains, both providing an uninterrupted 
from end to end, with free communication to the external air. The 
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Fig. 331.— Section showing Drain-ventilation with Inlet at Head of Drain. 


clause is necessarily somewhat lengthy and cumbersome, owing partly to tlie 
desiraliility of giving two alternative ways of carrying out the principle of the 
by-law. By cither of these ways facilities can he provided for a constant 
current of fresh air through the entire length of the house-drain, and eaffii 
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preoliides tlie possibHity of drain the house. The diagrams 330 
and 331 show the two methods of A^entilation prescrihed by the by-law. 

The ventilating pipes and shafts must not be less in any case than the sec- 
tional area of the drain with which they are connected. In some instances the 
air-inlet upon the house side of the trap is an ordinary pipe-shaft protected by 
a cover. A chamber or manhole, while rather more costly, is, however, of much 
greater value. If a shaft is used, special attention must be called to the neces- 
sity of its being a clear-way shaft, free from bends or angles, as these intercept 
a large percentage of tiie volume of air passing through, and the grating or 
cover which is fitted upon the shaft must liavc o]ienings between tlie Itars etpiai 


in the aggregate to the sectional area of the pipe or shaft. It is also provided 
in the by-laws that such gratings shall lie fitted with aYiplianoes for preventing 
the passage of dirt or other substances into the drains, and suitalile covers 
have been designed for the purpose. One of these special covers/ wdiicli lias 
been largely used, is the well-known ‘‘Cregeen” cover, shown in fig. 33*2. It 
can be readily and securely fitted to the socket of the air-pipe; the dirt-iiox 
is formed around the cylinder, none of the air-openings in the cover lioiug 
above the mouth of the pipe. This cover is made in two w•a}^s; the one lieing 
of cast-iron of strong section for use in situations traversed by heavy traffic, 
and the other having the dirt-box formed of stoneware, the iron-cover lieiug 
loose; this is quite suitable for situations free from traffic. Another very suit- 
able cover, manufactured by Ham Baker &> Go., has a loose dirt-box in the form 
of a tray. The section of this cover is showm in fig. 333. . 

In Knight’s annotated edition of the Model By-law^s there are illustrations 
showing two methods of air-inlet, the one in the street-footpath and the othei* 
in the curb of this footpath. There are very strong objections to these methods. 
In the first place, the scruples have to be inet of those people who have a horror 
of seeing any opening connected with a drain; and secondly, dirt-boxes in such 


rig. 33'2. — Gregeen’s Air-inlet Cover. 


rig. 333. -—Ham Baker & Co.’s Air-inlet Cover. 




DISCONNECTING CHAMBERS, 


a. position are liable to be tampered with, and sanitary authorities are very chary 
of perniittiiig them to be so fixed. In special circumstances like these, it is pre- 
ferable to construct the air-inlet as shown in fig. 334, the air-inlet pipe being 
fixed on the lace of an adjacent wall, or if necessary, inserted in a chase formed 
ill it. Tlie air-inlet itself should be out of reach of any passers-by, (say) at least 
eight feet high, and may be fitted with a mica-flap valve to 
prevent any outrush of air. 

A disconnecting’ chamber or manhole within the curtilage 
^ rh of the premises and as near to the public sewer as possible, 

^ is infinitely better than a simple air-inlet pipe. The size will 

depend largely upon the number of branch-drains connected 
^ with it, but there should be plenty of room for access to the 

^ disconnecting-trap for inspecting the drain, and for cleansing 

^ it whenever required. The entrance-cover may be provided 

I I with an open grating to serve as an air-inlet, or it may be 

found preferable to use an air-tight cover, constructing an air- 
inlet in the manner shown in the last figure. Fig. 335 shows 
^ a section of a typical disconnecting chamber. In the drainage 

Hi of town buildings, especially office premises, it is difficult to 

^ provide within the curtilage a disconnecting chamber, so that 

1^ this will have to be constructed under the footway, subject to 

pi the approval of the local sanitary 

authority, who will no doubt not only 
exact a payment for the easement, 
but will also impose conditions as to 
the size, the means of access, and 
the projection of the air-inlet duct. 
These, of course, will in a large mea- 
sure 1)0 determined by the importance of the thoroughfare, tlie wiiltii of the 
footway and the amount of traffic passing over it; therefore, no luird-and-fast 
line can he laid down, but it may serve as a guide to illustrate and. explain 
some constructed under iny directions a few years ago in h'fancliester round 
one of tlie largest banks, no greater projection being allowed than 1 foot 
8 indies, and the length being fixed at 3 feet 6 inches. Tliis size will just 
allow a man when kneeling to get access to the tra]). A ])onnet-ai‘ch (see 
fig. 33G) was turned 5 feet above the invert, and a shaft 20 inches square i^arried 
to the suilace. The cover was an air-tight iron cover, hut, instead of having a 
studded plate, ribs were cast across, and it w^as filled with concrete rendered 
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smootli, SO as to be similar to the pavement. No projection of tlie air-pipe was 
allowed, so a cliase was cut into tlie wall, and a pipe 8 inolies by 6 iiiclies 
inserted and secured to the wall by ears sci'ewed into plugs. The giating was 
8 feet above the footway. A number of w^aste-pipes of all kinds discharge into 



expensive piece of work, the chambers were satisfactory to all parties, and they 
have continued to work well. 

Sub-section a of By-law 65 states that the second opening to the drain shall 
be obtained by carrying up, at the head of the drain if possible, a ventilating’ 
pipe or shaft in such a position as effectually to prevent any escape of foul aii.' 
into the building, and of the same sectional area as the drain itself. And Bub- 
scetion 4 prescribes that no bends or angles shall he used except where unavoid- 
able. There is A proviso in Sub-section 5 that where the situation of the 
soil-pipe from any water-closet admits of its being used as a ventilator, and all 
otlier things comply wdth the requirements previously referred to, such soil-pii)e 
may he utilized as the sole drain-ventilator. As, however, opinions am very 
strongly divided as to whether the soil-pipe should he disconnected at its foot, 
it is proposed to discuss the question in the next chapter. It will be noticed 
that the ventilating shaft must be of the same sectional area as the drain itself. 
This requirement may by some people be regarded as inconvenient, because it 
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Fig. 337.— Comparative Areas of Circles. 


lias .liitherto been tlie custom to provide large drains, such as 9-incli pipes, even 
to single houses, and no doubt a 9-incii pipe-shaft at the side of a house would 
have an unsightly appearance. A 9 -inch drain is, however, quite unnecessary 
for the purpose of house-drainage, and while a 6-inch pipe is commonly adopted, 
a 4-incli. pipe is often adequate, and there is no hardship or inconvenience in 
providing a ventilator for either of these sizes. The importance of having a 
ventilating shaft of the same size as the drain seems to be very imperfectly 
appreciated, if one may judge from the provision for ventilation so frequently 
seen. It is very common to see a 2-inch pipe leading 
off the T-piece of the soil-pipe and carried up to the 
eaves of the roof, while the soil-pipe is probably con- 
nected with a 6 -inch branch drain joined to a 9 -inch 
main. It must be remembered that the areas of circles 
increase as the square of their diameters. The sec- 
tional area of a 2-inch pipe is 3 T 41 square inches, 
and of a 9-inch pipe 63’617, the area of the 2-inch 
pipe being only about of the area of the 9-inch pipe, 
and it would require, therefore, twenty 2-incli pipes 
to provide sufficient ventilation for a 9-inGh pipe. Fig. 337 shows the relative 
proportions of 2-inch, 4-inch, 6-inch, and 9-inch pipes. 

Another common method of ventilating drains is by connection with the rain- 
water pipes. The evils of this system have already been pointed out. 

Sub-section 4 of the By-law prohibits the formation of needless bends and 
angles in ventilating pipes. According to Knight’s annotated edition of the 
Model By-laws, it has been estimated that a 
single rigiit-aiigie in an air-pipe impedes the 
passage of air along it to the extent of about 
fifty per cent. The bends, therefore, which are 
so frequently seen in ventilating-pipes, defeat 
the object for which a ventilator is provided. 

Independent ventilating pipes should be of 
strong cast-iron, securely jointed, and it is 
desirable to make provision for collecting the 
rust, which would greatly diminish the air- 
])assage, and would very likely in course of 
time completely intercept it. There are numer- 
ous inventions for overcoming this difficulty, and a very simple one, designed by 
Mr. Fred. Lynde, A.M.I.C.E., is shown in fig. 338. 
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Tliere is a great variety of opinion as to the efficacy of eowls fixed on the 
fiead of vent'pipcs to induce or accelerate the currenth of aii. Much vill depend 
upon the position of the terminal, which, if under the shelter of overhanging 
walls, wdl be influenced by the rebounding air and the eddies caused \\y such a 
position. It is very questionable whether even the best of these cowls is of 
any real value. Mr. Hellyer has made a number of most exhaustive tests, 

adopt sometliing to pre- 
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Fi". 3?*^) -• Tevtioal Sections of Deep Manhole. 


adopt sometliing to pre- 
vent a down-draught, 
such as the musliroom 
cap. Mdiere a cap is not 
used, the head of the 
V(3ntilator .‘should ])e flia 
ished with ;i galvanized 
wire bailer m . wldeh ser res 
to prevent acute, ss by 


It is not necessary to i'oi'm the manholes for house-drains so large as those 


made on public sewers, but they should be; always sufficiently hirge to eiialile a 
workman to turn round freely, with whatever tools he may recpiire in clearing 



away accumulations, kt. "Where nianiioles are 
required, on drains sufficiently shallow that a 
man lying on the surface can get access to the 
drain, 3 feet x 2 feet 3 iiadies will ])e large 
ill*'' enough, but where drains are deeper, it is advis- 
3Z3. able not to have them less than 4 feet 6 inches x 
2 fecit 3 inches, as sometimes two mcu3 may be 
occupied in the manlicde. Manhole.'^! of rectangii" 
; , lar shape are sufficiently strong, and are more 

'HU? readily constructed than circular ones. Fig.s. 339 
|- and 340 show plan and sections of ordinary man- 

holes. . Of course, the shape must be altered to 
meet special circumstances, as at bends and junc- 
tions in drains; and where a number of branches are formed in the bottom of the 
manhole, the length must probably be . increased. It is not necessary to carry 
the manhole of the full dimensions up to the surface of the ground, wliere the 
depth exceeds 8 feet. In these cases a chamber should be formed at one end 
of the manhole by turning an arch from side to side, or by covering it with 




•Sectidm and Plan of Shallow Manliolo. 
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a strong stone “landing”, and cariying a shaft at the other end of the man- 
hole up to tile surface to aflbrd access. This shaft should he of the same 
<liniensions as the clear 0 ].>ening of the entrance cover The height of the. 
cham])er, from the invert to the soffit of the arch or imder side of tlie landing, 
sliouid be at least 6 feet, so as to allow the man working in the inanliole to 


stand erect. 

The Tbottoms of manholes should always be formed of concrete, properl}^ pre- 
pared and laid to tlie shape of the invert, which sliould be accurately moulded 
to receive the channel. This channel should l)e formed of liighly-gla^ied ware, 
and may be either socketed or butt-jointed. There are various ways of finishing 
the remainder of the Ijottoin of the manhole: sometimes cement rendering is 



used, others prefer salt-glazed or blue Staffordshire bricks, and recently ■man- 
hole bottoms have been made entirely in one piece of highly -glazed iirc-chi)'. 
This forms an excellent bottom, and is shown in fig. 341. Cast-iron bottoms 
as shown in Plate XV. are also made. 

Drains must be laid in perfectly-straight lines from wall to w^all, of manhole, 
all bends being made in the manholes. Suitably-radiated chamiels, sucli as are 
shown in fig. 342, are made for this purpose. Branch-drains should, wherever 
practicalde, be comieeted in the manhole, and should be joined to the invert- 
channel by properly curved pieces. These arc made in a variety of forms. 
The channel-bends of Mr. Winser (fig. 343) have an overhang on the outer side 
to prevent the escape of sewage on to the floor of the manhole, and the branches 
are higher than the central channel. “Wyvurst” channel -bends, 'with loose 
domed pieces, as shown in. fig. 344, are also very useful. 
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A eliange of level in a drain can be most conveniently effected at the manliole. 
It is very objectionable to connect tiie drain from tlie iiiglier level directly \vitli 
the manliole, as the splashing leaves portions of the solids on the ffoor and 


sides, and this of course renders it 



FiR. S'lfi—Winsor’s Channel -bends. 

inspection purposes. Tho jiropei* way is to place on the diuiii, i 
beliind the manhole wall, a right-angled junction with tire junction ilownwards, 
and in the same wall at the invert level to place a bend, and to coni km- t this 
bend and junction liy means of a pipe-shaft, securely suiTounded with coneL-ete. 



For inspectioB purpose.s, the pipe 
beyond the right-angled junction 
can be built into the wall of the 


SE.CTtON 


SINCLE STRAIGHT 
INLET. 


PLAN 


DOUBLS. OUNCTiON. 


Fig. 3-t4,~Wyvnrst Channel-bends. 


manhole, and fitted with a stopped, which can be .removed whenever inspection 
is required. A very secure clip for holding, the .stopper in position is made by 
Boulton & Co., and is shown in fig. .345. This method of bringing about the 



MANHOLE-COVERS, ETC. 



the longitudinal section 


change of level in drains is shown by dotted lines in 
of the naanhole in fig. 339. 

The wails of manholes should be built of brickwork, 
should be as hard and impervious as possible. Someti 
bricks are used, but these possess no solid advantages o 
wire-cut brindle, or common brown salt-glazed bricks. 

Tlie mortar should be made from Portland cement, 
and all the bricks should be bedded as closely as ^ 

possible, no joint to exceed ^ inch in thickness. 

Hard common bricks rendered with cement mortar 
are used for all ordinary work. All arches should be 
formed of purpose -made bricks of the proper radius. 

As a rule, the upper courses of the brickwork are 
oversailed to receive the cast-iron frame of the man- 
hole-cover, but in some districts stone flags or landings from 3 to 6 inches 

thick are laid over the brickwork, holes being cut through under the opening 

in the iron cover. 

For the purpose of access to the drain from the surface, step-irons should he 
built in the brickwork, say, every fburth course. Cast-iron steps are frequently 
broken by the accidental dropping of heavy objects when the cover is open. 
Wrought-iron steps are the most serviceable. These should be of inch round 
wrought- iron, formed to project about 4 inches into the manhole, and about 
0 inches wide, and should be well coated with hot tar as soon as they are made. 

the open cover is fixed in a 
situation likely to he traversed 
by heavy traffic, such as coal- 
carts, &c., a strong pattern should be used, and fitted with a galvanized-iron 
dirt-box; the light patterns can only be used in situations entirely free fi-om 
trafiic. Air-tight covers (figs. 346 and 347) must be used where air-inlets 
arc not required. These are sometimes made with a strip of india-rubber or 
oiled leather in the frame, into which the cover presses when closed, or a groove 
in the frame is filled with sand or with oil, tallow, or soft soap, and in addition 

\ OL. X. ort 


Fig. Sio,— Doultoii’s Clip for HolUiiig 
Stopper ill End of Drain. 


Fig, 346.— Adams’.s Air-tight Manhole-rDver (Ligljt Tattern). 




‘■“iPII’ , » lamp” hole cover fixed in 

i’jg. S4S.— Section of .Tones’s Aii'-tiglit Dou 1 )le-Hoal Waiiliole-cover. tllO USliaj WRy TllCSC CyC- 

pieces are also made with right and left oblique junotioiis, double-jimotioiw, 
T-junctions, and Y-pieees. A four-way junction with eye-piece is shown in 

fig. 350. They can tdso 
- 'be fitted with Stanford’s 
ot|ier 

with cast-iron drains, and 
some of the most important 
varieties are shown in Plate XV, .Nos, 1 and 2 show in plan and section the 
bottom of an intcrcepting-chamber with .two side inlets and two back inlets; the 
trap is provided with a clearing arm, and the manhole itself -is built up with 


Fig. S 4 S). -Plaj) and Section' of “Tron " Inspection-eye for Bend. 
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the coAvn may be screwed down into the frame, 
necessary, a “double-seal cover’ may be used, 


Fig. 347, - Adams’s Air-tight Mauliole-cdver to receive Concrete Filling. 

so as to ensure a solid bearing for the east-iron 
drains are sli allow, the “Tron ’’ mspeCtion” 


Where extra precautions are 
as shown in fig. 348. 

Manholes slicmld be 
built at every change of 
direction and gradient, but 
it is not necessary to place 
them upon long straight 
drains, except alternately 
vdth lamp “holes. The 
lamp-hole is simply a jilain 
pipe -shaft, carried up to 
. the surface, and surrounded 
wdth a collar of concrete, 
ventilati ng cover. Where tlie 
(fig. 349) may be used instead 
of manholes; the c.ircular 
socketed eye-pi<‘ce may be 
either 15 or 18 inches in 
diameter. When required 
to he brougl'it to the sur- 
face, a straight length of 
pipe is jointed on, and the 
lamp - hole cover fixed in 
the usual way. These eye- 


.Plate XV 










INSPECTION FITTINGS. 


453 


cast-iron pieces bolted together. iSTos. 3 and 4 show the bottom of an inspection- 
chamber with seven side inlets, and fitted with an air-tight cover secured with 
two wrought- iron bridles and four gun-rnetal screws. Two of the mauj varieties 


of cast-iron channels for manholes are shown 
ele\-ations of a drain chute to facilitate the 
jiassage of drain-rods into the drain from the 
manhole are oiven in Nos. 7 and 8. Nos. 9 and 

■ O 

10 arc longitudinal and transverse sections, and 
No. 11 a plan, of an ordinary inspection-cover 
for a junction, the cover being secured by a 
bridle. In the inspection -bend shown in Nos. 

1 2 and 1 3 the cover is shaped on the lower side 
to the exact curve of the pipe, and is secured 
with galvanized iron bolts and gun-metal nuts, 


in Nos. 5 and 6, and two 


or with gun-metal screws. 



Fig. 350.— Plan of “Tron " Inspection-eye 
for Four-way Junction. 


No. 14 shows; a ' 
disconnecting trap with access arm fitted with 
air-tight cover; the inlet piece is made with 
one, two, or three side inlets as required. As a rule, the metal is coated with 
Dr, Angus Smith’s solution, but glass-enamelled fittings are also made. 


CHAPTER V. 

THE TRAPPIKG OF DRAIEhS AND DRAIN-INLETS. 

The last paragraph of By-law 62 provides that every inlet to a drain, 
not being an inlet for the ventilation of the drain, shall be pro].ierly trapped. 
By-law 66 specifics the particular way in which tlie various waste-pi|)CH from 
the sanitary appliances within the building, including soil-pipes, shall be dealt 
with before communicating with the drain. It is our purpose in this chapter 
to deal with the whole of these jiipes seriatim. 

The last paragraph of By-law 62 implies that even rain-water pipes shall he 
disconnected before communicating with the drain. For many years it has been 
the custom in many northern towns, notably in Alanclieater and Leeds, to have 
direct communication between the rain-water pipes and the sewers. The evils 
and disadvantages of this system have already been pointed out, and as it is 
(dear that the rain-water pipes should discharge into a properly trapped 
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Pig. asT.—Clitl's fiain-watc-r Iiitcvi-t'itting (Jully 


speciallr made witli an inlet bend to receive the rain-water lh])c, as shown in 
i" SSL Fiff. 352 shows HellyeFs well-known rain-water ’‘shoe’’. This is 
nade without a trap, and unless tlic branch-dram has an iuterc(.'j)t()r l ieibre beino; 

comieeted to the inain-drain, 

the'^un^^^ 'inak^^^^ 

■■■', 1 for this type of gully. Fig. 

i :□ grj 3 sJjows a. rain-water dis- 

, , connecting gully designed by 

me, whicdi ^yili l)e found to 

j|j , meet all these ^ 

' ' - ' ■ feather, the rain-wniter pipe 

Fig. 353.~Sp!nlcs’s Cast-iron Rain-water Disconnecting Gully; ^ _ •*• 

, - being connected to an union 

E, which may he either square or round as required, and which leads to the 
water-compartment of the trap. One half the cover is solid, and lies OA^er the 
water-compartment; the other half has ventilatmg openings, and any dirt wdiich 
passes through is deposited in the dirt-compartment beneath. The size of this 
gully is only 10 inches by 6 inches, so that if the raiiiwvater pipe is recessed 
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Fig. 85i.— Bad AiTangement of Cellar-drainage. 


in the wall it takes up little space. In periods of dry weather rain-water gullies 
should be frequently inspected to 
see if the seal has been lost by 
evaporation, and they should be 
replenished with fresh yvater as 
often as required. 

The first paragraph of By-law 
66 prohibits any drain-inlets within buildings, except inlets from water-closets; 
the object of this clause is to effectually 
prevent the passage of drain -air into 
buildings. The mere fixing of a gully- 
trap in a cellar floor which requires to be 
drained, is no effectual protection against 
the inroad of sewer-gas into the house. 

Ill the first place, the water-trap in the 
gully may lose its efiectivehess through 
evaporation. Many of these gullies have 
very little depth of seal, and when the^ 
seal has vanivShed, the foul air from the 
sewer or drain passes freely into the 

In addition 


house, as shown in fig. 3 5 4 
to this, it is now well established that 
water standing in a trap will absorb 
sewer-gas, and give it ofi* inside the 
house. Mr. Joseph Parry, M.Inst.C.E., 
the water-engineer of Liverpool, in his 
book on 'tWater’Vp^gs 129, gives the 
following results of some experiments on 
this subject:-— 

‘ ‘ ( 1 ) That sewer-gases will -pass 
till 'ough ivater. Some interesting ex- 
periments on the passage of gases 
tiirougli traps were made a feiv years 


ago by Dr. A. Fergus of Glasgow. At 
the outlet-end of a trap (a bent tube), 
he placed a small vessel containing the 
test solutions, at the bottom of the 
S-trap, and test-papers at the top of the S-trap ; the test-papers were suspended. 



Fig. 355.— Plan and Section of ^Uea, &c., (or Cellar-drainage. 
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He found that ammonia passed through the water in from fifteen to thirtj 
irimutes, sulphurous acid in an hour, sulphuretted hydrogen in three to fjur 
hours, chlorine in four hours, carhonic acid in three hours. 

{2) That traps may he emptied hy evaporation. If traps are placed where 
the water is not frequently renewed, or if a house is long imoecuiihed. danger 
may arise from this cause. ’V 

All drains should terminate outside the building, and in cases where it is 
necessary to carry off waste ivater from basements or cellars,-— such as where 
they are used for washing purposes or as stillages for public-houses, &c.— special 
means must be taken to convey the waste w^ater to the outside of the house, 
and, the gully-trap must he placed within an area deep enough to receive this 



water, as shown in fig, 355. In the case of existing cellars ali'cady drained, as 
shown in fig. 354, it would be expensive to disconnect them in, the maimer 
shown in fig. 355, but the same purpose may be effected by inserting an inter- 
cepting trap, and carrying up the air-inlet to the surface, as show'ii in fig. 35(), 
It is particularly important that there should be no eomieetion from the drain, 
even when a gully-trap is provided, to any larder or cellar in which food or millv 
is to be kept; the provision of a gully for carrying off water used in washing 
the floor is entirely unnecessary, as cellars can be effectually cleansed by the 
proper use of a mop. 

In certain cases subsoil-water’ finds its way througli the walls or floors into 
cellars. The insertion of a gully in the cellar floor for carrying off such water 
is certainly not a sanitary method. This purpose should be accomplished by a 
proper system of subsoil-drains outside the building. 

There are many districts where, by reason of their contiguity to tidal rivers, 
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Pif?. 35i),— Section of Couzens’s Gully- 
trap with (it)ppei’ Ball for preventing 
Back-water. 


Fig. 360.— Section of Couzens’s Gully- 
trap with weighted Door or Valve for 
preventing I!iick-w(ster. 


(jrottmi/ Fcocj&s 


Fig. 367.— View of Swing Flap-valve, and Section of Flap. 


or tlirougli being situated in areas which are liable to sudden and rapid flooding*, 
the basements become submerged. To meet these difficulties, special appliances 
must be used for keeping out the back-water which such sudden rises will cause 
in the main sewer. Where 
the branch-drain is con- 
nected to a brick sewer, 
the junction-l'ilock should 
he fitted with a galvanized- 
iroii flap -valve, hung to 
swing freely and to close truly. To get this most accurately, a cast-iron ring 
should be shrunk into the block, having its outer face ground; and the face of the 
meeting portion of the valve should also be ground. The shape of these valves 
is shown in fig. 357. Another 
form of valve made to secure 
eflectuai closing is the balance- 
valve, shown in fig. 358. This 

is huno' inclinino’ inwards to 
o o 

the liranch, and is kept in that 
position liy the counterpoised 
balance -weight. The small 

amount of water trickling 
down a cellar drain at ordinary 
times ma}^ hardly be sufficient to keep the valve open, hence a stoppage with 
accuniLilation of deposit may take place. 

In the case of areas like that shown in fig. 355, and situated in the front 
of the house, nothing could 
be better than Couzens’s g'ully- 
trap for preventing back- 
water, two forms of which are 
given in figs. 359 and 360. 

The action in each case is 
automatic. Any hack pressure 
of water in the trap shown in 
fig. 359 raises the copper ball 
against an india-rubber seat- 
ing, thus making an eftectual seal; and should tlie water evaporate, as is some- 
times the case in dry weather, the hall lowers on to the bottom seating, and 
prevents the rising of sewer-gas, provided that the ball fits perfectly. In the 


Fig. 358.— View and Section of Eal.ance Flap-valve. 
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trap sliowii in %. 360 there is a door with a weighted lever, which allows the 
water to pass through into the gully, and closes automatically, thus preventing 
the back flow of water, and the rising of sewer-gas. 

In cases where the whole of the drainage system is below flood or tide le%-e!,, 
and therefore subject to back-water, Dyer’s valve can be advantageously used, 

and may be fixed immediately below the inter- 
cepting trap. Access may be had to it by length- 
ening the manhole and forming a small additional 
chamber. The valve can be arranged for any 
desired fall or for a dead level. Fig. 361 shows 
one of these valves fixed in a chamber, one side 
of the valve being partly removed to show the 
suspended ball. The tide or flood when flowing 
Kg.3ei.---Dycvrtw^^ drain enters the out-go branch, and floats 

the ball, which, as the water rises, approaches the 
inlet, and finally beds itself upon the seating, thus eflectually closing the orifice 
and preventing the water entering the building. Consequent upon this action, 
the greater the 'amount of water-pressure there is behind, the more compleiely 
sealed the trap becomes. By reason of the arm being always slightly inclined 
towards the inlet-branch, there is no danger of the ball sticking with the arm 
vertical, or of its being moved the wrong way. When the water subsides, the 

ball falls with it, inmealing the inlet, and 
leaving a clear passage. 

Fig. 362 shows Couzens’s ball-trap 
interceptor. The action is aiitoinatic, 
and any back pressure of water raises 
the copper bail against an india-rubber 
seating. The access holes are covered 
with iron covers bedded in suitalde 
materials, and secured to the fire-clay with brass screws ; they are therefore 
perfectly gas and water tight. These interceptor- traps can be used either vitli 
or without inspection-chambers; if without, an access-shaft should be carried 
up from the large opening as shown by the dotted lines. 

Often basements are at such a depth relatively to the depth of the sewer, 
that it is impossible to drain them satisfactorily by gravitation, or they may 
even be actually deeper than the sewer. The impossibility of providing an 
outlet for the drainage prevents the fullest use being made of such basements, 
and in business premises in towns this ■ is a very serious drawback to their 



Fig. 362.~Seetion of Coiuena’s Ball-trap Interceptor for 
preventing Hack-watei'. 
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letting value. By the adoption of a very simple arrangement, known as 
Adams’s Patent Sewage- Lift, all basements may be drained, and the sewage 
lifted from them automatically into the public sewer. This system is shown in 
fig. 363, and the working of it is as follows: — The low-level sewage passes 
outside the building into an underground chamber (placed in a convenient 
position for access), where it enters a cylinder by 
gravitation, passing a flap-valve which prevents its 
return when the air-pressure is applied. This pres- 
sure is obtained from an air -cylinder placed on a 
higher level in any coiiA^euient position in the same 
or other building. An automatic flush -tank is fixed 
aliove the air-cylinder, and is fed by water from the 
service-main or bath- waste. The inflow may be regu- 
lated by hand or by a float on the seAvage, so that 
none is wasted. As soon 
as the tank is full, its con- 
tents are discharged from 
the fall-pipe into the air- 
cylinder, displacing the 
air therein, which passes 
by a small air-pipe to the 
contain- 

the scAvage to 
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Fig. KCS.—Adams’s Automatic Sewage-Lift. 


lifted, and there exerts a 
pressure sutficient to raise it through the rising main, into the puolic server. 
It is necessary, in order to secure the requisite pressure, that the flush-tank 
should he at a height above the air-cylinder equal to or in excess of the 
height of maximum lift, hut if it can conveniently be placed higher than this, 
less Avater is required to operate the lift, as a larger Amlunie of air is carried doAvn 
AAuth the falling liquid, AAdiicli aiisAA^ers the same purpose, and in this Avay as 
much or cAmii more seAA’-age can be raised than there is liquid falling. AVheu the 
forcing-cylinder is empty the ai.r-cylmder aauII be full of Avater, but tbe latter is 
immediately withdrawn by a sy]ihoii attached, and air again passes in, to be 
again expelled at the next discharge. The AAmter thus AAuthdraAAUi may he stored 
in a tank as shoAvn, and again used for flushing the closets in the basement or 
for other purposes, or may he run off by a. pipe (.onriected to the OA’^erflow^ from 
the tank, AAdiich discharges into the chamber for raised seAA^age. This pipe Avill 
require to be disconnected from the chamber by an intercepting trap and air- 
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inlet, witli a trap below tlie tank and a: Tent-pipe to the external air. If clean 
water only be used for flusbing, it need not be wasted wlien disciiarged from 
tiie air-cylinder, but conveyed to any point where required for use. 

It will thus be seen that sewage can be raised by simple automatic apparatus 
involving practically no expense in inaintenanee, in which tliere arc no rno^dng 
parts, except a flap-valve, nor other mechanism to get out of order, and which 
requires no manual labour or expensive motive-power. The first cost depends 
upon the amount of sewage to be lifted, the height of lift, and the convenience 
of the positions for the forcing and air cylinders and the hushing tank, and the 
amount of labour that will be expended in fixing them, and wbicb will of course 
vary in every case. But the circumstances which affect these, while they may 
cause the lengthening (jr bending of some of the pipes, will not imp)air the 
efficient working of the arrangement, as they have no relation to the principles 
on which it is designed. 

The third paragraph of No. 66 of the Model By-laws prohibits traps between 
soil-pipes and drains, and in the new by-laws of the London (.■ouuty Council the 
same stipulation is provided. There is great divergence of ojunion amongst 
sanitarians as to the value or otherwise of an intercepting tra];) at the foot of the 
soil-pipe. Those who are familiar \vith Miv Hellyer’s work, The .Plumher and 
Scmitarif Houses, will remember that Mr. Hellyer is a very sti'ong advocate 
indeed for the placing of an intercepting trap at the foot of soil-pipes, and his 
book contains a large numlier of illustrations showing how tliis plan can be 
adopted under a great variety of conditions. Another eminent sanitarian, Dr. 
Pridgin Teale of Leeds, is also a. well-known advocate of this system. In the 
case of a small single boinse with only one w.o. at no great distama^ from the 
intercepting chamber, a second disconnection may not ha necessary; but wbere 
the branch-drain is of considerable length, a second disconnection is a great 
advantage, or where there are a number of houses side by side, eacii (?onneeted 
to a common combined drain, then it is certainly desirable that there should be 
a second disconnection. - ' ■ 

It is the universal practice to fix traps in the waste-pipes from sanitary 
appliances, and as they have to be disconnected and discharge over a trapped 
gully in the external air,, they are therefore doubly trapped. If this is the 
right principle to apply to waste-pipes,., it is surdy right to “apply it to the 
soil-pipe; but as it is not desirable to have the open end of a .soil-pipe 
discharging over a gully, an intercepting trap of ^ special construction has tO' 
be adopted with a shaft carried to the , surface on the inlet side and finished 
with a grating. The only possible smell which can arise is when a discharge 
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from the closet is passing through the intercepting trap immediately after 
use, but as that discharge is very rapid, it is not likely that any smell will 
be detected. At my own house, the soil-pipe is disconnected at the foot, and 
the grating is within a few feet of a doorj and is constantly traversed each day; 
I have never myself been able to detect the slightest odour, nor have I ever had 
any complaints whatever. Mr. Hellyer in his book also states that he has one 
within ten feet of his office window, and has never found it in any degree 
olfensive; and he cites a case which shows that the system can be adopted 
without being in any degree objectionable. The particulars of this case are as 
follows;-— 

“About the year 1882, I had two stacks of soil-pipes fixed with a large 
number of valve-closets upon each, and they were made to discharge with open 
ends into open traps. But as the gratings over the tops of the drain ‘dis- 
connecting’ traps were right in the foot’way of a narrow public thoroughfare, 
and as the parties chiefly concerned in the erection of the buildingwvould have 
been too nervous to have sanctioned any such open ventilation, nothing was 
said about the arrangement of such ventilating traps, and the gratings were 
supposed by all concerned except myself to be simjily covering the ends of rain- 
water pipes. As a proof of the safety of such arrangement, it may be mentioned 
that, though the closets upon each of the two stacks of pipes just referred to 
have been in great use for several years, though thousands of people have walked 
over the gratings, and though office-windows are within eight feet or ten feet of 
them, no one has ever noticed the slightest disagreeable smell from the arrange- 
ment. Whenever I have examined these intercepting traps, they have been 
found quite free from any offensive odour, and the atmosphere has been passing 
freely into the discharging end of the soil-pipe at this point, and not of it.” 

There are, of course, many ways of supplying fresh air to the soil-pipe 
without placing the inlet immediately upon the surface of the ground or adjacent 
to any windows or doors. 

Where the disconnection of soil-pipes is adopted, it is necessary to InuT. an 
independent ventilation-shaft for the drains, and if the branch from the soil-pipe 
to the main drain is of suitable length, then a separate ventilator should be 
placed immediately below the intercepting trap to take the pressni-e of the foul 
air from the intcrceiding trap. It will be generally found that the water 
standing in the intercepting trap is practically clean water, being the remainder 
of the flush which has carried forward the soil, and that if any smell is detected 
escaping through the air-inlet, it will most likely arise from a stoppage in the 
drain, and is really a warning that something is wrong and requires attention. 
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Where the drain is in proper working ordei’, there can be iio reasona’ole objection 
to this system. 

In a previous chapter, the principles of dram-disconnection and the reasons 
for it, were fully described. It is now requisite to point out the various forms 
of trap which may safely be adopted for the purpose. These arc made in 
a great variety of patterns and shapes, both for use upon the drain and for 
insertion in a manhole. The old-fashioned syphon-trap, shown in fig. 364, 
through which the sewage flows in a continuous stream, is still largely used. 




The one great objection to this form, of trap is that frequently the amount of 
seal allowed is entirely inadequate to make proper provisibn against loss ].)y 
evaporation; the depth of seal should never be less than inches in aii}* ease. 

modiflcatioii of the plain syphon-trap, shown in fig. 365, is effected ])y the 
insertion of a hand-hole for cleaning out the trap. This is a particularly objec- 
tionable trap, as the obstruction caused by the hand-hole creates a rapid acc.uniu- 
lation of sediment around it, which, increases and hardens, and as there is not 
usually sufficient discharge of sewage from the liouse to remove it, the final 
result is a complete blockage of the drain. 

Some people object- entirely to the use of Inte.rcepting’ traps, looking upon 
them as a kind of miniature cesspool, and while their arguments nitiy be good 
when applied to some forms of intercepting trap, it is (Certain that a right type 
of intercepting trap is of great advantage to a drainage-system. LTiidoubtedly 
in many instances the trap of the house-drain is found to be blocked with 
decomposing matter, but this would never have remained there, had there been 
systematic flushing of the drains. Most complaints as to foul odours from air- 
inlets adjacent to intercepting traps are made during dry seasons, when little 
or no rain enters the drains for flushing purposes, the only flush being from the 
2-gaUon cistern in connection with tlie w.c., which is quite inadequate, not only 
to carry solid matter through the drain, but even to clear the intercepting trap. 
With a proper system of flushing, there is no reason why intercepting traps 
cannot be kept constantly clean. An , ideal condition of things can never ])e 
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attained in tlie working of a drainage-system, and a certain amount of grease, 
and other solid matter difficult to move, is bound to come into the drain. It is 
essential, therefore, that the intercepting traps should be of such a torm as wdll 
offer the least resistance to the matters 
which have to pass through them, and 
their shape should be such that they will 
in practice be self-cleansing; further, they 
should not hold more water than would 
be contained in the ordinary flush of a 
single water-closet, so that their Contents 
may 1)6 frequently changed. A trap, to 

be effectual, should be set level, and ^ ^ ^ ^ 

should have a good solid flat base, so as 

to enable it to be firmly and securely fixed in its proper position. Where these 
points are attended to, intercepting traps will he found to work satisfactorily 
for any number of years. 

The Buchan mtepcepting* trap is 
well known, and is shown in fig, 366. 

It has a straight -drop of 2 inches from 
the inlet to the waterdevel in the trap, 
hut the one objection to it is that op- 
posite to the inlet there is a straight 
wall, — the design being very similar in 
this respect to the wash-out w.C.,— -so 
that water coming into the trap at a 
higli velocity comes in contact with this 
wall, and its flushing force is dimin- 
ished, which lessens the chance of the 
water in the trap being completely 
chaimed. 

..'O'' 

It is important to make the fullest 
use of the incoming w’-ater for flushing 
purposes, and as far as possible to avoid 
its change of direction, and to concen- 
trate it upon that part of tlie trap where it is most wanted. It is impossible 
to show every variety of intercepting trap which fulfils these conditions, hut 
two good patterns are shown in figs. 367 and 368. An extension to the inter- 
cepting trap is shown in fig. 869, which consists of a sudden drop of 4 inches 



Fig. S67.--Section of the "Cerus” Intercepting Trap, 
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water. This is known as Stidder s Drop Trap. 


Another trap which niiiy be 



used without a manhole-chamber is 
the one known as Winser’s Patent 
Villa Detector, wliieh provides means 
for efficiently testing the drain by 
simply dropping a plug into the seat- 
ing below the inlet of the trap. These 
traps . can be fixed at any depth by 
simply. ' extending the shaft as re- 
quired. Fig. 370 is a sectioii of the 
trap..' and shafts cornieeted with it. 
|=^'T; . The: late Mr. Slaga: introduced' a trap, 

fig.: :37l, which, luis a contracted 
: - - throat, and for which he claimed that 
p its capacity is birgc euougli to pass 

the greatest quantity of water coming 
to it, and small enough to compel the 
:w and sewage to pass through 
i :with twice the velocity it can possil)iy 
the sectional area is the 

;;::^same:^ak:,fihe drain itself The adop- 

v|^-- ' ofjvifns form of h*:ap necessitates 

- ' the aifAhlet shaft beirig constructed 

of brickwork, as part of the appliance 
consists of a short inverted shoot, 
marked .A, from the drain to the trap having a fail in its length of 4 inches. 
There is also a slight drop at the outgo of the trap, which gives it the cascade 


jPruaK.AirJlr^^ 

va^ve. 


Ju'xnM dr JTL 
Xo M/ate.'r 


Fig. 370.— »SectioB of Winser’s Vilia Detector Trap^ mth Shafts for 
Sweeping and Air-inlet, (fee. 
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motion, similar to Stidder's. Tlie “Loco"’ intercepting trap is shown in fig. 372, 
Where the drains have an equal fall, and it is desired to change the levels, 
instead of adopting the system for this purpose shown in fig. 339, page 448. 


Fig. 871.— Slagg’s Intercepting Trap. 


Fig. 372.— Section of “loco’ Intercepting Trap. 


«a modified form of this trap may be used, with a deflector bend fixed as shown 
in fig. 373. 

Intercepting traps for fixing* in manholes are designed upon the same 
general principles, the shape of the inlet being slightly altered to suit the briek- 

T * 1 work and the channel in the bottom 

of the manhole. Instead of the hand- 
" I I hole for inspection being placed verti- 

J callv upwards, it is inclined and carried 


Fig 374.— Section of “Beanclift'” Intercepting Trap 
for Manhole. 


Fig. 373 —Section showing Change of Level hy means of 
“ Loco ” Trap and Bend. 


forward so as to clear the wall of the manhole, and afford ready access to the 
drain. Fig. 374 shows the, ordinary type of manliole-iiiterceptor, known as the 
‘‘ Beancliff Slagg s quick-motion trap, previously referred to, has also been 
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improved by tire addition of aiv wliich enables it to be built 

into a manirole. Anotlier trap designed upon very similar lines is called tire 

“Improved Kenon Trap”, fig. 3^5, tire 
shape at the throat being changed 
from circular to ovoid with the object 
of getting an improved scour from the 
servage during its passage through the 
trap. Green’s Patent “ Stopless” Trap 
possesses practically the same features. 

Mr. John Jones has recently intro- 
duced a patent stopper for the clear- 
ing-arm of intercepting traps. Fig. 376 will give a good idea of its merits. Tlie 
frame of this stopper is cemented into the socket of the cleansing-arm, and tlie 
closing or stopping plate is securely fixed in position by means of a simple lever, 
and when closed is absolutely air-tight. The strongest back-pressure will not 


Fig. S76. —Improved “ Keiion ’’ Intercepting Trap. 


Fig. 876.— Jones’ss Patent Stopper for the {.Tearing-amiB of Intercepting 'i'raps. 

!)low it out. A chain is attached to the end of the lever, and carried up to the 
under side of the manhole-cover. Should the trap by any means get cholced, 
and the inspection-chamber gradually fill with sewage, all that is required is 
to take off the manhole-cover and give a slight puli to the chain; this releases 
the stopping -plate, and leaves the cleansing-arm open to take away the 
accumulated soil. These stoppers can be made to fit the arm of any inter- 
cepting trap. 

If it is preferred to have an entirely closed channel in the manhole, a closed 
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intereepting’ trap may be used. Fig. 377 is a section of a manhole showing the 
“ Waverley” trap with raking eye to the sewer for purposes of inspection, and a 
fresh-air inlet-shaft brought up to the surface clear of the manhole. This trap 
has been in use for some time in Scotland, and has so far given every satisfac- 
tion. Another trap on 
practically similar lines, 
but made entirely in one 
piece, is shown in fig. 378, 
and is known as Sykes’s 
Interceptor. 

Wherever it is decided 
to use an intercepting trap 
at the foot of a soil-pipe, 
a slightly- modified form 
will have to be adopted. 

Brown’s and Stidder’s traps 
are very suitable for the 
purpose, but either of these 
requires a special tapering 
eye-]jiece for the air-inlet, 
so as to allow the air-space 
])etweeii the liars of the 
grating to be equal in sec- 
tional area to the sectional 
area of the soil-pipe itself. 

Wr. Hellj-er has devised a 
trap which cairies out this 
principle in a very woi’k- 
maii-liim manner. Another 
very excellent soil-pipe trap is shown in fig. 379, the top part being Hanged to 
receive an iron frame (secured by screws through the flange of the socket), in 
which the grating is hinged and provided with a lock, 'so that any authorizerl 
person can open it. This trap is made, as shown in the drawings, for outside 
soil-pipes, and also to receive soil-pipes from ground-floor w.c.’s. Anotlier form 
of soil-pipe interceptor is shown in fig. 380, known as G-reen’s Patent, the 
trap possessing the novel features shown in the cross sections, and the hopper, 
being loose, can lie turned in any direction. 

The fourth, paragraph of tJie Model By-law 66 prescribes that all waste-pipes 
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Fig. 379.— Two Forms of Trap for Foot o! SoiFpipe. 
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from sanitary appliances within the house, with the exception of wuste-pipes 
from the slop-sinks, raiist discharge in the open air over a, clmmiel leading to a 

trapped gully grating at 
least 18 inches distant. 
The reason for fixing arbi- 
trarily a definite space in 
the open air between the 
end of the avaste -pipe and 
the gnlly grating is not 
sufficiently understood or 
appreciated. It has been 
the custom hitherto for 
the ■ waste-pipe "tor.'be, fi.xed' 
so that the open end rests 
upon the gully grating, 
or^' in , many '.cases'.; it" .'.'.is 
inserted' unto ,'the 
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Fig. 37y— Section of Sykes- ’.s lutevcepfisr in Jfanhole. 
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below the grating. It is we,ll ki,iown that even a])OTe the water-line there may 
be an aeciunu]atio.u of offensive matter upon the sides of the gully, the gasses 

from wliifffi will freely 
pass^ up ; the waste-pipe ; 
into the house, ' and al- 
though ; there 'may, ; he, 
,„trap.S','., ,up'On ';,the.' f.waste-; 
]U]K'^ inside the hoiise, 

'' they'; are- not,: 'a., ■stire,.,'pre“ „■ 
'Vention' .' :',agBihsSt '.y.the.'''.;:.!!!'-;':' , 
'■:;rbad:::Qf.'gaBeSi,:.:vWe':'.'hay'e^ 
already seen from .Dr. 
FergUss’s , expeiimeuts 
that gases can be ab- 
sorbed by the wuiter 
standing in the trap, 
and given off inside the 
house. Many gullies 

which are used to receive the discharge of waste-pipes, are from their shape 
and dimensions liable to hold a great , amount of filth, and, from the way in 
which they are fixed, thm filth escapes and penetrates into the surrounding 
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gi-ouiid and into tlie wall. Otliers have also a most imperfect water-seal, often 
not exceeding f inch in depth, which is easily lost by evaporation, so that 
odours from any aGcimiulation caused by defective joints in the branch drains 
will freely escape into the house. 

The following extract from a report by Mr. Rogers Field, M.I.C.E., dated 
6th January, 1876, on “ Uppingham Sewerage and Private Drainage ’V gives a 
striking instance of the passage of sewer-gas through water-traps. He says : 
“ On my examination of the sanatorium, I found that there was a bad smell in 
two lavatories attached to water-closets 
situated one above the other. Further 
investigation showed that this smell did 
not proceed from the water-closets, but 
from the lavatory basins, where a decided 
current of very foul air was coming into 
the chamber from the unplugged outlet 
of the Imsins, and it was found that each 
basin was connected directly with a pipe 
'wdiicli discharged into a partially-closed 
gully outside the house covered with 
snow, and this again into a cesspool. On opening the gully it was ascertained 
that the outlet was properly trapped, and that there was no apparent escape of 
foul gas, but that the water in the gully (though clear) had a very bad smell. 
In order to test whether this arose from any passage of foul gas through the 
trap, clean water was poured into the gully, and this removed the snielL The 
gully was then examined again after a few hours, and it was found that the 
water had assumed a very decided smell. The experiment was repeated with 
the same result, and it appeared that the longer the water was left after it was 
changed the fouler it got. Moreover, on closing the gully again after the water 
had become foul, the foul current of air returned in the lavatory. There could 
be no rpiestiou, therefore, but that the smell arose from the passage of foul air 
from the cesspool through the water-trap T 

To prevent the penetration of these gases into a house, the space of 1.8 
inches in the open air between the gully and the end of the waste-pipe should 
be provided. It does not necessarily follow that the gully should be placed so 
as to stand out 18 inches from the wall; there are many ways of providing this 
space in a neat and satisfactory manner. 

Every gully should fulfil the following conditions 

(1) The shape should be such as will cause it to be self-cleansing and 
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Fig, 3 S 2 ,~‘'Loco" Channel for Waste-pipes. 


facilitate tlie passage of tlie li(|uids through it, and it must be free trum 
angles or corners; the simpler the arrangement of the several pares the 
better. 

(2) It shonkl have a Hat base to permit of its being tirnily set. 

(3) It should have a seal of not less than 2-| inches in depth. 

(4) The inlet should be provided with a grating, ot>ening' outwards, to allow 
the trap to be readily cleansed. 

(5) The dish or loose cover should be designed to deliver the water rajiidly 
into the gully, so as to prevent the escape of licpiid over the sides, and inu.st 
not be set loo.se upon the gully, but secured with a water-tight joint. 

(6) The gully must be set level and be. securely jointed to the drain. 

The ordinary type of trapped gully is shown in fig. 355, and another 
variety is shown by dotted lines in fig. 383. Tlie disconnecting trap shown 
ill No. 14, Plate XY., has a separate inlet piece witli one, two, or three, side 
inlets a.s reipiired, and a clearing arm is earrit'd up to the surfar.c of the 
ground and litted with an air-tight cover. A .similar gully is mmie also in 
stoneware. 

The requirement of an open {^haniioi of 18 iiiche.s between the end of tlie 

wa.ste-pipe and the gully has 
led to the bringing out of 
many excellent forms of chan- 
nels, which allow of the gtiliy 
being set close to tiie wall, 
One of the Ga.rliest of these was 
known as Stidders, but asi the 
channel and trap were ail in 
./One 'piecej ■ , .there,. . wast ' aTlittie,,/ 
difficulty ih making up to bldr 
drains, owing to the cutting required, and in obtaining bends of suitable cni’va- 
ture. Docking’s patent channel is shown in hg. 381, but in this case tlie 

channel is fitted on to a loose 
P or S trap, which can of cour.se 
be turned to any angle accord- 
ing to the direction of the drain 
with which it has to be con- 
nected. Fig. 382 shows the ‘‘Loco” channel. A greatly improved disconnect- 
ing slipper has been introduced by Mr., Sykes, which is shown in fig. 383. The 
slipper is made with a spigot outlet to connect into a loose P or S stra]> as 


Waste pipe fpont 
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required, and is covered with a galvanized -iron grating. The inlet is socketed 
to receive an intake piece, which is made with one, two, or three inlet arms 
to receive the waste-pipes, as shown in the plan. 

On reference to Plate XIV., it will be seen that such a slipper might be fixed 
at A to receive the wastes from the bath, lavatory, and clean-water sink, but that 
one of the other forms of channel would be cjuite suitable for fixing at H for the 
ground-floor lavatory, and at K for the butlerb-pantry sink. At e upon the plan 



Fig. 383.— Sj'kea’a Slipper, Ac., for Waste-pipes. 

is shown a gully to receive the waste water from the wash-up sink in the 
sculler}’. This guJly requires to be of a special type in order to provide for the 
peculiarl}' greasy and ofiensive liquid produced in the washing and scraping of 
plates and dishes. When this liquid with its particles of food entei's the di'ain, 
it congeals rapidly, and forms an obstruction from which a serious nuisance wdll 
a.]‘ise. unless it is speedily removed. Builders have attempted to cope with this 
difiiciilty sometimes by constructing an objectionable cesspool-gully designed to 
retain the solid mess, the gully being closely covered up, or else by using a very 
large earthomvare gully, wdiich is equally ofiensive. 

The grease from sinks can be removed in two ways—either by adopting an 
anplianc.e which collects the grease, and from which it has to be removed at 
frequent intervals by hand (this of course necessitates constant attention, other- 
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wise the system will cause nuisances greater than those sought to be remedied), 
or by forcing the greasy liquid through the drain before congelation can take 

place. From a sanitary point of 
vieAv, the ^^h^ nietliod is inti- 
to be preferred, though it 



has to be admitted tliat tbe adop- 
tion of either method is not 
strictly in accordance with the 
provisions of the Model By-laws, 
■as t.o the space required from the 
end of the waste-pipe to the gully 
grating, but one or other of them 
i.s /absolutely necessary ;dn:; , all/ 
houses wlierc nnudi cooking is 
done, especially in the case of hotels, clubs, and restaurants. 

Gullies foF intercepting* the grease arc of two types, tlie one having con- 
tainers as sliown ill lig. thSi, in 




Fifi. 3S-i.---“l;n('o" Givasp-trap with Uotainer. 



\vhichbsaiid:'imdisolidS':are';Coh : 
leeted,;' the grease ' rising;'''':to';the:'/, 
top, 'where it' eahes. / "'/For. mode-'"' 
'rate-size'd;' •houseS'' a" large'' recep- 
.'taele ''.is/'re'qiiired'j not;'' ie'ss'itiian,,/ 
2'; . ' feet ''' long . if ■ '.■■ the ■■ '■h.orizontal' 
pjitteni is adopted, of vdiicii hg. 
385 is a type. Opposite the inlet a wall is carried down almost to the liottom 
of the box, and: opposite the outlet is a similar wall, the space, hetween these 

forming the grease-interceptor, 
hi Adams’s pattern (fig. 38()) the 
movable lid is galvanized and 
fitted with, a sunk grating. Tbe 
liquid enters through this, then 
passes down to the bottom of the 
box, travels slowly across, and 
I'ises to the outlet, the silt and 
sand being deposited and the 
grease coagulating on the top. For larger houses, hotels, clubs, restaurants, &c., 
a much larger collecting-box is necessary—not less than 3 feet long. Tbe 
construction of these is slightly varied by the introduction of a mid-feather w, as 



Pig. 386.— Adams’s Grease-trap. 
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witn the inlet a taking tiie sink-waste, 

and the side inlet taking the bath or lavatory waste. The angle at which the 
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FJg. 387.— Hellyer’s Stoneware Grease-gnlly, for Largo Honses, 
Hotels, &c. 


shown in fig. 387, which illustrates Hellyeds “ extra-large ” grease-trap, which 
has a vent-pipe v on the inlet-arm and an access-hole for the drain at Y on the 
outlet-arm, and is covered with a 

holeol flag in which an air-tight iron 

cover is inserted. Fig. 388 shows 
the “Eclipse” grease-trap, and needs 
little explanation; the greasy water 
from the sink, after leaving the inlet- 
pipe, passes to the bottom and then 
slowly along the entire length of the 
trap; the greasy particles, chilled by the large body of standing water in the 
trap, rise and remain in the centre 
chamber undisturbed by the w^ater 
flowing below. 

Some makers adopt a deep 
vertical type of grease-trap, as 
shown in fig. 389, which illustrates 
Bolding’s “ Simplex ” grease-trap. 

The principle is the same as in 
the horizontal ones, the direction 
of the flow ])eing downwards in- 
stead of horizontal. 

Grease-traps are sometimes made in cast-iron instead of stoneware, and Mr. 
Hellyer has patterns of movable ones 
which are coupled to the waste-pipe by a 
screw-union; and there are also others 
which can be fitted on the floor under the 
sinks. 

For small houses self-cleansing grease- 
gallies are much to be preferred, as there 
is not an excessive amount of grease re- 
quiring extra force to break it up. The 
gully show'll in fig. 390 is known as “Le 
Kossignol’s Patent Self-cleansing Grease- 
gully”, and was designed specially for 
the purpose. It should always be fixed 


Fig, 388.— “ .Fclii)se” Grease-trai), 


Fig. 389.— Bolding’s Greaso-ti-ap. 
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inlet A is eonstructed causes the water to rush over the lip y> 
of three inches to the level of the water In the trap) with .sue! 
ensures the effectual cleansing of the trap, breaking up any 
top of the water, and carrying’ it into the drain. Additional fl 
same inlet may be obtained from the hot- water tapi, which ii 
be found over the sink. The trapping lip) c, being at the sain 
A, offers the minimum of resistance to the scouring' out of the 


SECTION CROSS SEOTfQN 

Fig. 3'J0.---Le Ro.ssigaoVsScIf-eleansiug Grease-g«lly, 

should not be used as a yard gully for surface-water, and sliould preferal.dy lie 
fixed half an inch above the ground-level to pirevent file entraiua.^ oi' gravel or 
grit, which miglit impede the scouring out of the grease. 

Ill large ostaldislmicnts where there is a coiisidera] ih.* tjuantily of grease, 
spDeciai means must be taken to despiatch the grease iiii.o the drains lieforc it 
coagulates. To do this successfully special gullies with provision for flushing have 
been introduced. Hot grease on entering the trap come.s into contact witli the 
cold water contained therein, solidifies, and rises to tlie surface; a powerful cold- 
water flush is introduced by means of ' an automatic system, and thoroughly 
cleanses the trap and. carries the grease into, the drain. Fig. 391 shows Hellyer’s 
pattern, which is fixed in a small brick chamber. Just eiioiigb water is re- 
tained in the trap to congeal the grease; the flush from the automatic flushing tank 
FT enters the trap at the back, a portion of .the flush passing through a flushing 
rim with a jet opposite The outlet for breaking up the congealed head into small 
pneces and floating them through the drain, the remainder of the flush being 
conducted downwards by a separate water-way to the bottom of the trap for 



hellyer’s flushing grease-trai. 

t -nUrl Tii'ittev ‘V 20-™lloii Hushing tank is used, and where a head 
rZm\°feet to 7 fcet he obtained the flush is 3-inch bore, but where the 
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noses, the tar* being placed outside. When tins posrt, on rs adopted, Bpcc 
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means must be taken to prevent freezing, anci to 1 1 ..'111 e i . '. r'ifi ..'lent \ oi Iviii^ 

(luring the winter; it .should 
also be covered 


BATH 


over to keep 
out leaves and litter. Fia:. 892 
shows a very simple flushing 
tank manufactured by Bowes- 
Scott & Western. Fig. 393 
shows WinseFs patent rever- 
\ sible fiushiiig-rim grease-gully. 
It is made in two pieces. The 
trap can be turned in an\' direc- 
' tion to suit the drain; the upper 
. portion can also be turned to 
■j ■ suit the coiniection from ' the' 

. autoniati(.5 ■fiuvsliing' tank.''' ■ ' •■Tills.' 
■ ' meets, the. ' now, ".usually adopted,; 
}. , plaii''6f h0hcentratmg'hhe.''Wastes 
\ and: raim:Water"::pipe3:"'to'''a 'cen-' 
--■: tral ■•' -gully, '''w,hieh'';'in'.' is'om'e''' .cas.es' 
; '■also""-receives-'.:-'-,the,,'. surfiice-.water.,-' 
'Fig.,' ■, 394 ., is ' tile ''.saiii'e'' trap,',;, .but 
■„',■;■■ 'has an : -'.'e'xtra-', .'imsing-pieee to. 

receive. '.the- vario'us'' inlets;'' ti'iis,, 
;■.■■..; ■'.allows'.'.; ''the ■■'■'three .' ..pieces— viz.', 
the' coiineetion',',';fbr t'lie-''„d'rain,'. 'the- 
':;'''',;'''co.iHieetion'-,',fitun..'''t'he tank,-; and' 
ihe connection for the various inlets, — to be turned in any direction indi^pim- 
iently of each other. This is perhaps a more | | 
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Fig, 804.— Winger’s Flushing-rim Crease-gully 
with IlRisina-ioiece. 


Fig. 303.“Winser'B Flushiag-rim Crease-gully. 
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CONSTRUCTION OF DRAINS. 

convenient form, but requires an extra depth of drain. The tops are supplied 
with four 2-inch holes or with one 2-mch or three 4-inch holes. The outgoes of 
the traps are made both 4-inch and 6-inch, the 6-inch being recommended as 
giving more freedom to the flow of the water. 


CHAPTER VI. 

CONSTRUCTIOlSr OF DRAINS. 

The first necessity in the construction of drains is a ground plan of the 
premises, showing the position of the whole of the sanitary appliances from 
which the waste-water has to be conveyed away, and also the position of the 
sewer or cesspool with which they have to be connected. In the case of a house 
standing in its own grounds, the plan should show the shrubberies, plantations, 
and paths, so that the line selected for the drains may be one that will cause as 
little disturbance as possible, and as far as practicable avoid the neighbourhood 
of the roots of trees. On the plan the drains must be marked to comply with 
the conditions settled in a previous chapter, taking care that manholes are fixed 
at all important bends, and that the branch-drains are as short as possible, and 
converging in manholes, so that access may be had to all of them. 

It has hitherto been far too prevalent to entrust the construction of a 
drainage-system to odd labourers with only intermittent supervision ; the result 
is that the pipes are huddled together anyhow in the trench without uniformity 
of line or gradient, imperfectly laid, and vdthout proper foundations being 
secured, so that in course of time mischief inevitably ensues. Again, many houses 
are drained without any plan of the system having been previously prepared, 
the course of the drain being staked out upon the ground in what is coiisidei-ed 
the most convenient position, angles and corners being “negotiated” by sweeping 
curves, the idea being no doubt that they will facilitate the flow of water through 
the pipes, such a thing as subsequent inspection or the necessity of obtaining 
access to the drain being entirely disregarded. The difficulty of discovering the 
course of chains constructed in this maimer is palpable, and the whole method 
cannot be too sti'ongly condemned. 

It is the custom in all works of main sewerage to ^epare sections from actual 
levels, and upon these sections to record the levels of the various places from 
which sewage is to be picked up ; and while it is important that this should l)e 



,78 DEAINAGE. 

[one, it is equally as iiiiportant that the same pains and the same care should be 
akeii with regard to the drainage about a house, where the difficulties to l.)e 
vercome in regard to levels are frequently far more intricate than in the case of 
rain sewers. It is likewise impossible to determine, without the aid of carefully- 
lotted sections, the requisite fall to be given to the drain, or to select the size of 
ipe that will convey away the whole of the sewage and rain-water. Without the 
rking of levels, it is also impossible to select the most economical lines for drains 
--that is to say, the levels will enable us to determine the line that will involve 
le least amount of excavation. It may be necessary to make a slight detour, 
Inch would increase the length of the drain; but possibly by reason of the 
irface-levels showing that considerably less excavation in the trench would he 
‘.quired, economy may be thus effected without at all reducing efficiency* .V 
‘ction is also valuable in that it shows how it may be possible to effect changes 
ffievel in the drain; and as these will be brought about at tlie manholes, it may 
3 necessary to slightly change the position of these from the places which had 
deviously been selected upon the plan. This method of changing the levels of 
le drains effects considerable economy in cGnstruetion without in the least 
3teriorating the efficiency of the drain, providing the rninimum selbcleansiug 
:adieiit is not departed from, The importance of this cannot be too mneli 
sisted upon. Quite recently I had to certify that a certain system of drainage 
liicli had been carried out was efficient, and that if this method of 

umgiiig levels had been adopted, the^ scheme would have worked peilectly 
disfactorily, and that at least £70 would have been saved in excavation alone*. 

The levels required are not only the surlace-levels along the line of the main 
rain, but also the discharging levels of the outgoes from all gullies in ('oniiection 
itli waste-pipes; and care must be taken to see whether any of these ■would V>e 
iquired either below the ground-level or in the basement. It is obvious that 
icse levels can only he accurately taken by someone who is intimately acquainted 
ith the operating of the usual type of surveyor’s level The levels slmuld 
ear a relation to some well-defined point wdiich is not likely to be obliterated, 
nd which may be used for the purpose of a datum. When the situation of a 
oiise admits of it conveniently, it is preferable to commence levelling from a 
eiich-mark of the ordnance datum, as nearly all sections of public sewers are 
lotted with reference to that datum, so that the laying down of the intended 
vels of the house-drainage upon the required section is very much simplified, 
he section may be plotted^n any convenient scales, according to the length of 
ne, and the variation between the Iiighest and the lowest level recorded. Care 
muld be used at all bends in the line and at the positions of the junctions for 
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METHODS OF LAYIXG PIPES TO REQUIRED GRADIENTS, 

liraiicli-draiiis to take a level upon some fixed point wliicli can be again referred 
to. Tlie value of these levels should be clearly shown upon the section at their 
proper positions. 

The depths of the drains shown in Plate XIV. a,5:’e governed by the depth of 
the basement floor, and the levels at which a connection may be made to the 
main sewer. Where there are no cellar drains, the level at the extremity of the 
longest branch will govern the depth and gradient of the main drain. As there 
are waste-pipes in the basement both in front and at the back of the house, it 
will be necessary for the drain to be kept at an uniform depth from the surface; 
but assuming that there had been no waste-pipe at the back of the house, the 
proper course would have been to have changed the level of the main drain at 
the manhole (No. 2). In completing the section it is preferable to show the. 
drains by red lines, and all letters and figures relating to sizes and gradients 
and reduced levels of inverts should be clearly marked in red; the height of tlie 
datum line above the ordnance datum or other fixed point should be recorded, 
and along the datum line, the distance of the vaiious points where manholes are 
to be fixed or changes of direction and gradients occur, should also be clearly 
marked. 

The next stage is the cutting' Of ' the ' treneh and . the laying of . the 
Tiiere are two methods of laying the pipe to the gradient required, the one 
being by the use of the boning-rod and sight-rails, but the more common way 
of working is to use an ordinary spirit-level and a straight-edge. The former is 
the more .reliable and exact method, and is in feet the only one that should be 
permitted, and it is for the setting out of the required levels at the various 
points that the work recorded upon the section is of such value. Before 
descrilhng this method in detail, some reference may be made to the other 
system. 

It is customary to supply the pipe-layer with a wooden straight-edge of a 
given length; sometimes it is only long enough to extend over one pipe, or it 
may be sufficiently long to include several. It may be bevelled on one edge to 
the gradient required, or, as more usually occurs, the two edges may he parallel, 
one end having a rough-and-ready contrivance secured to it which has been 
presumably cut to the gauge, or very often a screw or tack is fastened at 
one end, projecting in the ratio of the fall required; there are also appliances 
specially made for levelling” to various gradients, .such as tlie clinometer. 
There are many weak points about this system, winch must he perfectly olivious 
to everyone who has had experience of it. The position of each pipe is oid}' 
fixed with reference to the pipe previously laid, so that any error Iiowever slight 
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s carried forward from pipe to pipe, and in the case of a long drain it is (jnite 
)03sil>le on reaching tli{3 termination to find an error of several indies either 
lighcr <)!• lower than the desired point. It is also pos6i])le for the pipe-la.yer — 
although it would be extremely careless — to reverse the straight-edge, and so 
rror would accumulate. Again, after one pipe is lard, it may ])e some <hiys 
a'forc the next pipe is t'.onnected to it; in the meantime the pipe last laid may 
.ave settled, or may have got slightly misplaced, and there is no means of 
elling whether it is in correct position or not. So long as these things can 
tke place, it is always well to eniplo}^ contrivances that are less likely to be 
lisused by the ordinary workman. In the case of such small works as house- 
rainage, it is not always possible to Lave constant supervision by ex[)erts; it is 
'ell, therefore, to make everi'thing capable of being etfecdively done under 
ic asioiial supervisio i \ . 

The most efficient appliamai for securing a perfectly true gradient- in pipes is 
lat known as the boning'-rod and sig‘ht“raiL The l:)oning-rod is an upright 

lece of wood cut to any convenient length to suit „ p, 

le depth of the drain. It is littedwith a cross-head 3 

cactly like a. T~ and at the other end a shoe i 

screwed on. which fits on to the invert of the pipe ffij ; ittj 

as shown in %. 395. This - i 

'd dioe should ])e secured to the '"hy! : i^||* 

^ ^ rod by angle-iron fixed Avitli 'V-j | 

p I screws, so that wbenever the 

required to he shortened, "S | pj 

t!ie change is readily mado. The *11 

sight-rau, as shown in ng* 396, " ' 

” . „ - ' rig. r!9().~~Sight-rail fni’ F.uyiiig" Hraius. 

consists ot a cross-liar consider- 
)ly wider than the trench, secured to uprights firmly placed in pipes well away 
om the edges of the trench, so as to -be clear of any movement which may be 
msed by a sudden collapse of the sides of the trench. Two sight-rails are 
iquhed, one at the point where- the drain' starts, and the other at the point 
here the direction or gradient is changed, and intermediate ones can be placed 
herever convenient. Assuming the distance. between manholes Nos. 1 and 3 on 
le plan to be 100 feet, and the gi’adient to be 1 in . 50, that would be a rise of 
feet; assuming the reduced level of the invert of the sewer at No. 1 to be 24 feet, 
id the surface-level to be 32 feet, or a difference of 8 feet, then 11 feet would 
I a very eonvmnient length for a boning-<rpd, , The sight-rail, therefore, at No. 1 
ould be fixed on a level of 35 feet, and that at, No. 3, 37 feet "We shall now 


fig. sraB.—Sboe tor Boning-rod. 


TAKING LEVELS FOR SIGHT-RAILS. 
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see wliat assistance we can derive from having taken careful levels in the first 
instance. In setting up the sight-rail when the level is fixed, the operator would 
eoninience hy taking a back-sight upon his nearest temporary bench-mark, and 
would transfer that level to the upright of the sight-rail, adding the difference 
re<.i[uired. (Supposing, for instance, that at No. 1 the heiich-nnirk read 33 ‘73, we 
should require to add I* 27 to give us' the value 35, which, would ])e the height of 
the sight-rail; in the same way, supposing the bench-niai“k at No. 3 to be 34 ’83, 
we should require to add 2’14 to get the height of the sight-rail at that point, 
namely, 37. The levels of the sight-rails may also be fixed by placing the level 
midway between the two points, fixing the boning-rod in the inveit of the pipe, 
and letting the assistant hold the 
staff on the cross-head of the bon- 
ing-rod; the operator then takes 
the reading, and the assistant after- 
wards holds the staff on the verti- 
cal upright to which the sight-rail 
is to be secured at the next point, 
raising it or lo-^mring it until tlie 
same level is read by the operator. 

Two feet must then he added for 
the fall which is required for the 
drain, and the sight-rail securely 
fixed level across between the 
uprights. A section illustrating this mctliod of setting uj) sight-rails is shown 
in fig. 397, from which it will be seen that the sight-line is exactly parallel to 
the line of the proposed gradient. When the boning-rod is placed on the invert 
of the pipe, the cross-head should be exactly in line when looking over from 
one sight-rail to the other. As the work proceeds, the boning-rod is held on 
each pipe in succession, the pijie being adjusted until the cross-head falls exactly 
into line. The position of each pipe, therefore, is fixed independently of thc 
preceding one. This method is as easy to work as any other, and it is certainly 
the most accurate. 

Section 21 of the Public Health Act, 1875, confers the right upon the owner 
or occupier of premises to have his drains connected to the sewers of the Council, 
on condition that he complies with the Council’s regulations as to tlie mode of 
making the (tommiinication between the drain and the sewer, and subject to the 
control of any person -who may he appointed by the Council to superintend the 
making of the connection. The succeeding section, No. 22, permits the use of 
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Fig. . 31 ) 7 . —Method of Setting up Sight-ra,ils. 
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scwens l>y t3ui owner ov o[ ;uty preiiiiHes ouis!*ie liu* (h 

Council on .such teniis .-uid conditions ns inny he. ngvcetl 5«>isverMi i'!u* 

ro.s|)(?ctivc ])nrties, or. iii case ol (lispute, these terms istay oc seiticd hy ilic 
iriJioiist rates or l‘)V aiiitration. in many easo Ijoimdaries !.i’ fli.-'incL- arc IhrnHM] 
l)v the fence ri.nnung along tiie si<ie of a road, or the centre nl a rocc.! nmy he 
taken for the houndary; so that hmises out-id e the ifUiiiHiary i?f ^laii ca-tes may 
1)0 connected to the sewc'r ]>eh)Ug'iiJg to tiie lhstri<‘t on the other sido ui the 
houndary. Section 2a of tiie Act confers ^t(,twer upon tlie Loral Aulliurity to 
enfor(‘e the drainage of iindraine<i houses, and to cause theto to he conma-ted to 
any sewer, belonging to the .Local Authority, which is not more than ItUtfeei 
from the sife of siieh hous&s, hut if no such means of drainage* are available, 
then by eniptyiiigt into ii eesspooi or siudi other place as the l.oeal Airtliorit}' 
directs. The .Authority may require tlitedruhis to he of .sueli materials and .'<ize, 
to be laid at such levels' and to surh falls as, oir the report cif its sur\‘(‘yor. may 
appear necessary. And by H{'ction 2a it sludL in iii any rrbaii 

Distri(.'.t to erect or relniild aiis* house, tn- to occupy ththsiinie unless uiid tnuil a 
sutiieietit drain has been constructed .-ulpectf to^ 5 neiiti«u!ed in ilu* 

previous sections. 

In many districts tliat portion of tlm rhaiiii puhiir sewm- ami 

the building-line, in highways repaiahh* by the ilillabit^^^^ largi.’, can endy he 

constructed by the otiicials of the (’kuintnlsybut Avbere^^ m no rule to this 

effect, it is necessary for the person who is to con^ tiie uaerks mi bidiulf of 
the owner or oceupiev, to obtain, as required liy Hei'tirm Ll!^ of the Ihihlic 
Health Act, perniksion to break open the street, atsd having ulaaincd ihis lu* is 
then' subject to compliance witli all tlie comlitirms impo.-cd in Sfigions bl, H2, 
and 83 of the Towns Improvement Clauses A<'{ of 1847. which ait' incor|)oraicd 
also in the Public Health Act, and which lui\a.‘ ndereiu'c to the feuriiuf. liuhling, 
and guarding the wairks and materiuls fur the proper protection of the public. 

It is also necessary to give notice of the intention to make a junction with 
the public sewer, as it is possible one may not have been leit. upon the scwei* at 
tlie precise spot required. For the purpose of having this connct.'liun mad(‘ in 
an efficient manner, it has to be done under the direct personal supervision of a 
responsible officer of the District Couiie-il, and the whole of the. work from the 
junction to the building-line executed strictly in accordance with the (AnincirH 
regulations. In those districts where the Public Health Amendment Ai't of 
1890 has been adopted, the owner of the property may, if he so desi rc's, under 
section 18, agree with the Council upon terms to execute this worlc on his 
lehalf, and so avoid the responsibilities and obligations imposed by the Counci Is 
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regulations, and tlie sections of the Acts of Parliament referred to above. If 
the Council themselves do not undertake the work, then tlie person under- 
taking the work for the proprietor must make the connection to the sewer. If 
no junction-pipe has been 
inserted in the sewer, some 
approved means must be 
taken to make the connec- 
tion. 

If the Burveyor to the 
Local Authority will sanc- 
tion it, a hole may l.)o cut in 
the sewer-pi])e for the in- 

sertion of a ppoperly-eurved ».i i-i.,. 

and flang’ed connecting - 

collar, the spigot of which is of a dejjth equal to the thickness of the sewer-pipe, 
the flange being hed<led in cement mortar upon the pipe. These collars should 
have sockets in which to insej't tlie first pipe of the branch -drain, as sliowm in 
hg. 398. 

To introduce an ordinary iunction-Dine into an existing' sewer is n,n 
operation involving con- 
siderable trouble and ex- 
pense, as several pipes may 
have to be remo\-ed and a 
considerable amoinit of 
excavation thus incurj-cd. 

To overcome this, Messrs. 

Doultoii have introduced 
a patent junction - pipe, 
shown in hg. 399, by the 
adoption of which one pipe 
only is removed from the 
sew’-er, and tliis can readily lie replaced by that wdiich receives the brancli- 
draiiL On removing the existing pipe, the portion a of the patent pipe is placed 
m position. This is provided at one end with an extended half-socket, which is 
entered beneath the spigot ii of tire existing sewer, and the spigot of the new 
pipe is then drawn hack into the exposed socket of the sewer. Tlie operation is 
completed liy the insertion of the part C between a and B; this has two half- 
sockets at the upper side, by means of which a satisfactory joint can be made 

VOI,. I. 32 


^ X A. 


Fig, S9y. — -IkailtoiTsi Fatent .hiuetion^pipe. 
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with the pieces a and b. An lUJcesH-opening is provided in the portion })earing 
the braneli, and this permits of the several joints being finished from the inside; 
it can be idtimately closed by a stopper. 

Messrs. Oates & Oreeii also make a patent socketiess access-pipe, in con- 
nection with which a loose fire-clay ring or thimble is slipped over for the 
purpose of making the joint. The access-hole permits the workman to put in 




rig. 400.~-Oatos tt Green’s 1’ai.ent .Socketiess Aecess-jlipu : T., loose fU'e-cl:vy ring to niiike the wieket. 


his hand and make good the joints. This is sbo-wn in fig. 400, whicli sufficiently 
explains itself. 

Socketed access-pipes with junctions are also made for insertion instead of 
the ordinary junction. In case of a stoppage in the branch-drain, by removing 
this access-cover an examination can be made, and if necessary cleaning tackle 
inserted. The diameter of tlie junction-piece being less than that of the main 
pipe from which it is branched, the invert is slightly higher, and owing to the 
inclination of the smaUer drain, it may be necessary to set up the junctioii- 


Section at a. B. 


rig. 41)1.— Codling’s Patent Rest-Bend Junction, 

piece to conform to this gradient, and in order to prevent subsequent displace- 
ment when the trench is being refilled, means should be taken to provide a firm 
foundation underneath the branch. In order to prevent any chance of the 
omission of this very necessary work, some makers have lately introduced 
junctions with rest-pieces, which enable a firm base to be obtained simply, as 
will be seen on reference to fig. 401. 

Where the eonneetion has to be made to a brick sewer, the brickwork must 
be cut out sufficiently to allow of the insertion of a properly-radiated higiily- 
glazed fire-clay obli(p.ie junction-block, having square bed, sides, and top, as 
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shown in fig. 402, which must be set in cement mortar, and the brickwork made 
o’ood thereto. In districts wdiere the sewers are liable to be back- watered from 

o 

tide-locking or the rise of floods, these junction-blocks should be fitted whh a 
flap-valve, which will close with the pressure of the rising sewage in the main 
sewer, and so prevent the flooding of 
basements and the like. These valves 
have already beendescribed. 

The first stage in the work of con- I 
struction is of course the excavation of 
the tpeneh to the required depth. The 
trench should not be made wider than 
necessary to allow’^ sufiicient room for the 
pipe-layer to w’-ork. If it be over 10 feet 
deep it should be 3 feet wide, if the depth 
be less than that 2 feet 6 inches in wddthj 
and if it be no more than 4 or 5 feet 
deep, so that the earth can be thrown out ^ 
wdthout intermediate staging, a width of I 
2 feet 3 inches is sufficient. The surface- ^ 
material should be carefully put on one 
side for reinstatement in its proper place, 
and the excavated material neatly and 
compactly deposited alongside the trench, 
so as to do as little damage and occasion 
as little inconvenience as possible; all 
surplus rubbish must be removed promptly 
tlirougli gardens and grounds the necessity 
ciatetl, and at the same time particular ci 
damage as possible to the foliage and roots ' 
trench to be opened out at one time will 1 
constantly kept at wmrk, the nature of the g; 
proper use of and access to the premises, 
walls and buildings, wdiose foundations may 
the trench being kept open an undue lengt 
in short lengths, and the work rapidly com 
applies also in eases where the ground has 
necessarily somewhat loose. If running si 
proceed cautiously in short lengths. Rod 
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blasting is too lisky in the imiiiediate neigiiboiirliood of propert^^^ wlien the 
trench, however, is at a safe distanee from houses, blasting may be resorted to, 
provided the contractor takes the sole responsibility for accidents of ever}' kind. 

It is customary to open out trenches down to a depth of 16 feet. Thi^ 
requires three lifts or stages for getting the material up to the surface. The 


additional expense beyond this depth of having an extra lift, nialces it (iheaper 
to resort to tunnellingr; but before this is done all the surrounding circumstances 
niust be fully weighed and considered— that is to say, whether the ground 
immediately above the heading is sufficiently solid to admit of tuimelling, also 
whether due supervision can be exercised over the construction of tlie work, and 
wffiether the contractor can be relied upon to securely pack the heading so as to 
leave all thoroughly sound. 

Where water occurs in the trench, proper provision must be made for its 
abstractiGii as the works proceed, by forming proper dams and sumps for the 
purpose, into which the suction-pipe of a pump must be inserted, care Ijeing 
taken to afterwards remove from the sump all wet and loose slurry, and to make 


good the hole \vith concrete up to the level of the : pipes. In case any existing 



drains are met with, following the same course 

as the trench and likely to interfere with the 

I P progress of the new work, they must be diverted 

into temporary wooden troughs, and carried 

^ past the work as it pinceecls to a temporary 

^ outlet, so as to avchl as far as possiWe any 

fi dannigfi that might ]>e caused to the bottom of 

I y the treiK'di by the esca])e of water. Proper care 

3 y must also be taken to maintain any clrains which 

|||^ may come a.cross the trench, cast-iron pipes 

0 being substituted for tlie pijies removed, of such 

a length that they wi.ll get a firm and even 
% . ^ , 
m ■ . bearing on either side of the trench. 

% As the excavation proceeds, the sides of the 

p trench should be supported by proper timbering’ 

fixed by “ experienced and competent timber- 

men”. Fig. 403 shows a cross-section of a 

trench fully timbered. The waliiigs of 3-incli 

spruce planks are .first set up and secured by stretchers of good strong square or 

round fir or (in narrow trenches) of larch. The poling hoards are of elm or spruc.c, 

cut into 3 -feet- 6 -inch lengths, with the toes sharpened and driven in wuth a mall 


yJ*oX^Tig 
\ 3:€’x9''xty;' 


Fig. 40S.— Method of Timbering Trench. 
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behind the walings as close as the nature of the ground requires. The lower 
timbers are inserted in the same manner as the work proceeds. In case ruiming 
sand is met with, the poling boards should be wedged close together and addi- 
tional stretchers inserted, and behind the poling boards, litter, rushes, or bracken 
should be packed as tightly as possible, and added as required. Occasionally 
this running sand is so dilEcult to deal with that a second and inside course of 
poling boards is recpired to resist the pressure. The timber within each length 
of walings is called a “ setting’', and in dilEcult ground the work should proceed 
by settings, one being opened out as the preceding one is being filled up. This 
is naturally a costly process, but it is a safe one. In certain cases, to support 
property, some of the timber will require to be left in the trench, and where this 
is done, such timber should be accurately measured; but if the necessity for 
leaving it has arisen from carelessness or neglect on the part of the contractor, 
any timber so ordered to be left should not be paid for. The timbering should 
]>e strong enough to cany the staging necessary to hold the weight of material 
thrown up at each “ lift ’’ and the men working upon it. The stagings are 
usually from 4 feet to 5 feet apart vertically. Water and gas pipes and similar 
things will require supporting across the trench so as to prevent their fracture. 
These are sometimes slung to the top stretchers by chains, so that these walings 
must not he struck as the trench is being refilled. Extra timbering will likewise 
he required in the shoring up of walls and buildings. 

Before laying the pipes, the trench must be neatly formed to the shape of 
the drain to he laid, proper socket- holes being cut so that each pipe may be 
truly and firmly bedded throughout its entire length, all irregularities resulting 
from bad workmanship being filled up with gravel or concrete. To obtain a true 
alignment of the pipes, the centre of the trench should he 
('.arefully notched on each vsight-rail, and a stout cord con- 
nected to eacdi mark from sight-rail to sight- rail. From 
this a plummet can be suspended over each pipe as 
required. Whenever the pipes require slightly raising so 
as to be true to the gradient, tlie packing must be done 
witli the very finest material. If the foundation appears 
liable to give way when tlie trench is refilled a foundation rig. 404.~cv.n(;ivtf cm.iie 

; ^ ^ ^ - for Pipes. 

of concrete should be formed, and carried up at least half 
the. height of the pi]3es, so that tliese may be securely bedded in it, and the sides 
neatly l>evelled as shown in fig. 404, The concrete must be lowered to the 
bottom of the trench, in buckets, and properly placed in position ; for if it is shot 
from the top of the trench, the stone will tend to separate from the mortar. 
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Special care must be taken tliat drains are not laid in newly-made grround, 
as they are sure to subside along with it, thus fracturing the joints. The 
excavation in this kind of ground should be carried down to the solid earth, 
and a substantial wall of concrete or of dry rubble should be built up to the 
requisite level in order to ensure a firm foundation for the drain, and the pipes, 
after being placed in position and jointed, should be securely wedged on each 
side to prevent them rolling when the trench is being refilled. 

x4.fter the pipes have been adjusted to the exact line and gradient, the 
jointingr of the pipes should be ]3roceeded with, according to whatever process is 
adopted, but no pipes should be covered up until they have been examined and 
tested for water- tightness. The drains should be kept as free as possible from 
rubbish and water during construction, and iron drains should always have every 
length brushed out before jointing, and upon completion they should all be 
cleansed and left entirely free from rubbish of every kind. 

In refUling* the trench, the best material should be selected to go in first- 
such as sand or fine gravel, —and this must be carefull)^ placed and cdnipactly 
rammed round the pipe without disturbingv^^^^^^ to fracturing the joint. 

When there is hot less than a foot of cover over the |hpes, the w^^^ used in 
testing may be let olfi the discharge being observed in order to be sure that all 
the pipes were fully charged, and that tlie test was a fair one. The trench can 
then be refilled in layers not more than 9 inches thick, and well punned, two 
rammers following one filler, but no clay should he brought within 111 - imdies of 
the surfiiee. Tbe supports for gas and water pipes will require to be left until 
the trench has become quite consolidated. It is l.)ettei* not to rein.state the 
surface-materials immediately, hut to cover ofi:‘ with good rtshes or gravel. 
Settling will probably take place at the rate of I iinh per loot in (le]>th, even 
with the best rammed refilling, and with clay th,e rate will be even more, as it 
is very difficult to get it compactly together unless it has fallen ■\Vhen 
consolidation appears to have been efiected, the surfiice- materials should he 
reinstated and made good. 

The first paragraph of By-law 62 prohibits the passage of drains under 
buildings except where no other mode is practicable, and the next paragraph 
prescribes that sucli a drain shall be laid in a direct line for the whole distance 
beneath the building, and be completely embedded in and covered witli solid 
concrete at least 6 inches thick all round. It lias already been pointed out that 
in -certain oases, especially in town buildings, some drains must of necessity be 
laid under the building, and where there is no access to a back road the drains 
of terrace-houses are hound to he carried from hack to front. It frequently 
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liappens that where drains are laid under a building, through some failure of a 
joint the sewage escapes and runs underneath the pipes into the subsoil, causing 
very serious mischief indeed,— and this state of things is quite likely to occur 
even where the joints have been made in cement. It does not always follow 
that the drain should be laid under the floor of the basement; there are many 
instances in wliich economy may be practised by carrying the drain on brackets 
built into a wall of the basement, and thence into the road to be connected to 
the sewer. But it is obvious that earthenware pipes would not be suitable for 
a drain in such a position. Iron pipes only can be used ; such pipes completed 
with a run-lead joint will not only convey the sewage adequately, but will be 
both water-tight and gas-tight. The fewness of the joints, and the rapidity with 
which they can be made, are very important advantages in favour of iron pipes, 
particularly when they have to he laid under a floor. Iron pipes, as they can be 
satisfactorily worked under pressure, may be of a smaller diameter than stone- 
ware pipes, provided no inlets ain required for waste-pipes about the level to 
which the drain lias to be laid. 

This proposal of the Model By-laws to embed the pipes in eonerete is a 
clumsy method, and it would be especially expensive to apply it in the case of 
an existing building on account of the excessive amount of material requiring to 
be got out, and also of the cost of the concrete, every ounce of which would 
have to be carried down ill buckets from the outsider and in case a drain 
required relaying under business premises, tlie disturbance to business caused 
b\^ the undue length of time taken up by such a process would be a serious 
matter. The proposal further leaves out of consideration any improvements 
■which may have lieen efieeted in pipes themselves, or in the methods of jointing, 
during the last twenty years. I have myself had Hassall’s double-lined-joint 
pipes laid beneath buildings, and seeing tliat such a joint can be made to stand 
a pressure of 100 lbs. to the square inch, it is surely safe enough in the interio]' 
of a building, more especially when the ground is covered witli a layer of con- 
crete ])cfore the floor is put down. 

The further proviso in the model code for adequate means of ventilation to 
be provided in the case of a drain passing under a ])uildmg is a right one, and 
no exception can be properly taken to it; if tlie terminal of the drain is not at 
a soil-]iipe (which could lie used for ventilating purposes), a special vent-pipe 
should in every case be provided. 
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CHAPTER VII. 

FLUSHING, CLEANSING, AND TESTING DKAINS. 

It is rigiitly considered tliat a sclieme of towii-seweinge cannot work satis- 
lactorily witliout proper arrangements for flushing the sewers, the appliances for 
the purpose being placed at the head of all long sewers and at suitable inter- 
mediate positions. A¥hile town-sewers are laid at flatter gradients than house- 
drains, and the composition of the sewage is a great deal more complex, it is still 
necessary to have proper provision made for the flushing of house-drains. In 

many towns this work is now 
periodically done during the 
dry season by the sanitary 
authorities themselves, but 
ill a well-devised system of 
house-drainage it is essential 
that some automatic appli- 
ance, regulated to discharge 
at suitable intervals, should 
be fixed at the head of the 
drain, for even if this is laid 
at a gradient that will pro- 
duce a self-cleansing velo- 

■ city, tliere are times when 

■ - the . flow .of sewage .is ■ : not 

■ isufficien t : to keep . the solids 
. from depositing, or to pre- 
vent their gradual aecumu- 

I’ig. 405.~f}eotiou of rieM’s Amralnr Syphon. 

latiou and the cousefjuent 
generation of gases. The opening of a half-inch tap at full bore is of no value 
whatever. What is required, is to discharge through the drain a \'olunie of water 
sufficiently large to thoroughly cleanse the whole of the interior suifiun that 
has been in contact with the sewage.. , 

Mr. Rogers Field was the first sanitarian to put into practical shape the 
principles of automatic drain-flushing, and his self-acting flushing cisterns, fitted 
with a patent annular syphon, have been in general use for many years; the 
present pattern is sliown in fig. 405. The . annular syphon is fitted into an iron 
tank. The longer limb of the syphon dips about inch into the watoi* iu tiic 
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lower tank or trapping-box, in which the water is kept at its proper level by 
a weir. The action is as follows When the water (fed from the inlet or tap) 
rises in the dome or bell to the top of the lip on the longer limb of the syphon, 
it begins to flow over by a succession of drops at first, which dispel a sufficient 
quantity of air in the discharge-pipe and bell to cause the level of the liquid 
within the bell to rise; this rise increases the overflow into the discharge-pipe 
and expels a further quantity of air, gradually forming a vacuum, which again 
causes a still larger rise and overflow, and 
thus brings the syphon into full action, 
when the tank is emptied with enormous 
rapidity. 

Fig. 406 is an illustration of Adams’s 
flushing* syphon. When the tank, in which 
the syphon is placed, commences to fill, water 
stands in both legs of the inverted syphon at 
the level a. This level does not vary for a 
considerable time, because, although the tank 
is filling, the air imprisoned under the deep 
trap over the main pipe can escape by the 
small pipe at the side, which also has a cap 
over it. But when the water rises high 
enough to seal the upper end of this small 
pi]ie, the air is retained. As it becomes com- 
pressed, it forces down the water in the left 
leg of the syphon until this leg is empty. A 
further increase of pressure causes a large 
bubble of air to escape up the right leg. This 
leg, it will be seen, is contracted at c, so that the bubble is delivered up the 
centre of the pipe in one mass. Were it not for the restriction at c, it would 
be possible for the air to creep up the side of the pipe in small buV>bles, when 
the eftect would be less rapid and certain. As it is, as soon a,s the bubble turns 
the corner, it displaces a quantity of water in the right leg, and when it has 
passed away tlie level of water suddenly falls from A to B. The reduced head 
(b to c) can then no longer balance the air-pressure in the deep trap, and a rush 
of air clears out the syphon, to lie immediately followed by all the water in the 
tank. To confine the recpiisite amount of air, a cap of sufficient depti) is placed 
upon the vent-pipe shown, this pipe ensuring the absolute certainty of the 
apparatus giving free admission of air to the syphon botli before and after its 
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discharge, in the latter case completely breaking the partial vacuum which other- 
wise would exist. 

Fig. 407 shows a hushing syphon on a new principle, known as Merriirs 
patent. Instead of depending for its action on the gradually increasing pressure, 
of the liquid in tlie tank dri’^dng out the air compressed in the syphon, Merrill's, 
syphon depends oii the action of a tipping bucket. When the water fed into the 
cistern or tank reaches the inlet end of tlie short leg, the air in the syphon 



is locked up between the water in the tank and that 
in tlie outlet-trap, and consequently the water rises 
more slowly in the short leg than in the tank, the 
difference in level depending on the depth of the seal 
of tJie outlet-trap. When the feed supplied to the 
tank has produced a sufficient compression in the 
syphon, the air is gradually driven out through, the 
traj), in proportion as the water rises in the tank and 
short leg. When tlie water reaches the bend or over- 
flow point of the syphon, it overflows into the 
ping bucket, which, when ffllexl to its tipping pointy 
overturns and throws out its contents into and 
through the outlet-trap, and thus produces a vacuum 
which permits the head of water to charge the syphon. 
The syphon is so constructed that the upper part can 
be lifted oft’, and the lower portion exposed for inspec- 
tion or cleansing. 

These syphon-hsteiiis, wdien ffiiurged with clean 
water, may be placed either inside or outside the house in convenient posi- 
tion; but if outside and above-ground, means must be taken to protect them 
from frost. To economize in the consumption of water, it is a good arrange- 
ment' to feed them from the bath- waste, as this w^ater is seldom greasy; and as 
thirty gallons are often discharged from a bath, a cistern to hold this quantity 
is a suitable size to adopt in such a position. 

Mr. Rogers Field has also devised another form of tank, which is shown 
in Fig, 408, called the “Self-acting Flush-tank”, and which may be used in 
connection wntli sink-w^astes. The apparatus consists of a cylindrical water-tight 
iron tank a, having a trapped inlet B, wdiich also forms a moval;)le cover to give 
access to the inside of the tank, and a socket c for a ventilating pipe. The 
outlet consists of a syphon i> E F, so arranged that no discharge takes place till 
the tank is completely filled with sew^age, when the syphon is brought into 


Kij;. 407.— Seotion of Merrill's Patent 
Flushing Syphon with Tipping Bucket. 


field’s flush-tanks. 
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action, and tlie contents are immediately discliarged. The outer end F of the 
syphon dips into a discharging trough g attached to the flange of the syphon by 
a ixioyabie button h, so as to be turned round in the right direction to connect 
the tank with the line of the outlet-pipe ^ , 

I. This trough has a barrier .) across it, r ' 

with a notch so contrived as to assist A | jpi ; 

small quantities of liquid in bringing the ^ r rr 

syphon into action, instead of merely ^ ^ ^ Si? 

dribbling over the sj^phon without charg- ^ ; o p ■'tesasHsa. ; 

mg it, as they otherwise would do. The k!| , I 

cover of this trough can be removed to <5 | ^ 

give access for cleaning. There is also 
a brass-wire strainer k, which is clipped 

on to the inner end D of the syphon, and can he taken off at will ; and a S(3rewed 
brass plug l is fitted to the bend E of the syphon, in case it should at any time 
])e necessary to examine or clear it. The pipe m represents a waste-water pipe 
(iisiially from a sink), tJirougli which the supply of sewage is conveyed to tlie 
tank. Fig. 409 represents Field s flush-tank made in stoneware, which "works in 



the same manner as that made in. iron, the only diflerence l)eing that the syphon 
is placed in a different position. 

This flush-tank must he fixed outside the house or liuilding, and in some 
convenient position between the supply and the drain to be flushed, and tlie 
sup} 3 ly must be connected with the inlet and the drain with, the outlet of the 
tank. There is no house in -wlncli there is not suffi.cient waste-water for flushing 
by means of this apparatus. The water from the sink is generally available as 
a supply, and the tank is specially adapted for this, as it forms the most perfect 
kind of trap, breaking the connection between tlie drains and the house, and 
intercepting the solid matter. 'Where the drains have only a slight fall, advan- 
tage can be taken of the lieight of tlie sink by placing the top of the tank above 
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tlie gronncl. The drippings from a or the rain-water from the roof, 

may also he used as a supply. A very small accession of water will start the 

syphon when the tank is once full, 
but should it occasionally remain full 
for some time in consequence of in- 
sufficient supply, a jug of water, 
thrown on the grating of the inlet, will 
immediately set the syphon in action. 

Adams’s glazed-ware syphon, shown 
in fig. 410, can also be used for flush- 
ing house-drains with dirty water. It 
is made in any size from 3 gallons up 
to 40 gallons. It does not start with 
a dribble supply, but is filled with any 
house-waste (soil-pipe excepted), and 
when full, tlie addition of a little more 
—as by the emptying of a bowl or 
basin into the sink— at once sets up 
syphonic action, and the full contents 
of the vessel are discharged to the 
drain. In this also jmovision is made for 
cleansing hj the cap, as the apparatus, 
working with dirty or greasy water, requires periodical cleansing. A stone disli 
may be placed directly over the inlet, or a branch-drain may ].)e connected thereto. 


rig. 410. —Adams’s Q-lazed-ware Flush-tank, for Use 
. with Waste-water. 


The tipper or tumbler, as used in connection with slop-water closets, can also 
be adapted for the purpose of flushing drains. For some years I h.ad, at a house 
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in wliicli I resided, a 5-gailon tipper fixed in the gully recehdng the bath- waste, 
as shown in fig, 411. It worked well, and was very serviceable in keeping the 
intercepting trap, which was about twelve yards away, always sweet and clean. 
This tipper can be made in any size in fire-clay up to 60 gallons, but, heing 
rather heavy, it is a somewhat delicate operation to set the tipper in a true 
horizontal position so as 
to maintain its balance; 
and the chamber in which 
it is fixed should be se- 
curely protected with a 
closed cover, so as to 
keep out any solid objects 
that would be liable to 
fall in and put the tipper 
out of gear. 

For large houses and 
oil long lengths of drains, 
a much larger quantity 
is required for flushing 
than can be economically 
stoi’ed in any of the 
appliances previously re- 
ferred to, so that it is 
much more economical 
and satisfactory to con- 
struct a tank of brick- 
work, in which the flush- 
ing appliance can be 
placed. This brickwork 
should always be set in 
cement, and it would be 
well to back it with well-tempered clay puddle as far as the top ol the syphon- 
leg. The water may be taken from the house service-pipes, if a daily flush is 
recj[ aired, or the overflow from any well, spring, or other private supply may be 
utilized, and, as far as possible, rain-water and the batliwvaste. Fig. 412 shows 
a tank fitted with Field’s syphon. Sometimes the tiap>ping-1;)0x under the syphon 
is formed in concrete, but cast-iron, as showm in the illustration, is preierable. 
For a 6-inch drain, the deptli of the syphon is 2 feet 2 inches, and for a 9-ineh 
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drain 2 feet 7-J indies. Any of the otlier types of syplions previously descrilted 
may be used in connection with these brick chanibers. xlii arrangement has 
lieen designed by Messus. Adams, so as to Hush two ways, if desired. 

The Miller syphon was thus described on its introduction into this country 
from America: — 


“The flushing syphon is one which has been largely adopted in tlie United 



States, having obtained 
the highest award at 
Chicago in 1893. Pre- 
vious syphons liave been 
brought into action by 
the simple release or 
rarehiction of the air 
confined in the syphon, 
or by the sudden remo- 
val of such air by special 
subsidiary devices, which 
are entirely absent in tlie 
' Miller’ syphon.” As 
shown in fig. 413, “it 
consists of twm simple 
castings, a U -Tube (or 
trap) and mouthpiece, east in one piece, and a cast-iron bell which is placed over 
the longer leg of the syphon, and is held in place by brackets cast on the trap. 
The action of the syphon is as follows : As the water entering the tank rises above 
the lower edge of the bell, it encloses the air within, the lower portion of the U 
or trap being, of course, filled with water. As the water-level in the tank rises, 
the confined air gradually forces the water out of the long leg of the trap, until 
a point is reached when the air just endeavours to escape round the lower bend. 
Now, as the dilference of water-level in the two legs equals the difference of the 
levels between the water in the tank and the water within the bell, it wdli be 
seen that the column of. water in the short discharge-leg has practically the same 
depth as the head of water in the tank above the level at which it stands in the 
bell. The two columns of water therefore counterbalance each other at a certain 
fixed depth in the tank. ; As soop hs this depth is increased by a further. supply, 
how’ever small, a portion of the' cqii€ned'a% :^lforoed around the lower bend, 
and by its upward rush carries wife at gome. -Sfe the water in the short leg, 
thus destroying the equilibrium. But the. secr^ of this invention is the free 
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Fig. 413.~Detail8 of tiiu Miller Syphon in Manhole. 
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projection of tiie overflow edge, wiiicli allows of the instantaneous escape or 
falling away of the heaved'up water. Thus, if the discharge-mouth were formed 
as an ordinary bend, the syphon would not act (although the confined air rushes 
around the lower bend), for the simple reason that the heaved-up water has no 
means of instantaneous escape, and therefore the equilibrium is not sufficiently 
disturbed. It will thus be seen that the action of the syphon depends not on 
the escape of air, but on the sudden reduction of a 
counterbalancing column of water. 

Repeated trials have shown that a 6 -inch Miller 
.syphon wilb discharge full-bore a 500-gallon tank, fed 
so slowly as only to be filled in fourteen days. There 
being no internal obstruction, the discharge is extremely 
rapid. There is, it will be seen, a deep-water well 
between the flushing tank and the sewer, which is of 
■course an advantage. We have had the opportunity 
of seeing one of these syphons at work in the excellent 
sanitary museum at Hornsea, and though severely tried, 
the syphon worked perfectly. As will be seen by a 
reference to fig. 413, the syphon-chamber can be very 
neatly combined with a manhole. No special mouth- 
piece is required; the mouth of the discha] 
stands quite clear, and delivers the water into a 
basin, from which it iTishes down into the sewer 

In long lengths of drain it is not necessary to go to so great an expense as 
would be occasioned by the construction of intermediate flushing tanks, but it is 
sufficient to re-use water discharged from the flushing tank at the head of the 
drain, and this can be accomplished by fixing penstocks in the manholes; when 
the penstocks are securely closed, the sewage or water is dammed back in the 
sewer, and when the penstock is opened again, the liquid rushes forward with 
great force. The “screw-down” penstock, shown in fig. 414, is raised or lowered 
by a key fitted on to the top of the spindle from the surface. This type of 
penstock is the most suitable where .absolute W’^ater-tightness is desired, and 
where the pressure behind it is considerable; but there are circumstances wliere 
a penstock of the disc pattern, as shown in fig. 415, would answer the purpose. 
This, as will be seen, is self-locking, and works from a side pivot, and is raised 
or lowered by working the spindle attached. Whenever a penstock is fixed in fi 
manhole, it is desirable, on account of the sudden rush of \vater wlien the 
penstock is raised, which is apt to rise over the invert on to the platform, at the 


L’ge-pipe 

concrete 


Fig. 4 14.~.Screw.down Penstock. 
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side of it, that the outgo of the manhole should be enlarged into the form of a 
swullow, or shoot (as it is sometimes called), as shown in fig. 416. Bor some 

years I liaye made it a practice in fixing 
a penstock to place a relief-pipe from 
the drain immediately behind the wall 
of the manhole, turning it over into the 
manhole at a level that xvill preA^ent the 
escape of sewage on to the surface of 
the ground through tlie gullies or man- 
hole-gratings farther up the drain, in 
case any accident should preA^ent the 
penstock from being raised. I have 
generally foiiiul that gardeners and other 
seiwants, who are set to attend to the 
fiusliing of drains, have a knack of going 
away in the middle of the operation 
and of forgetting to raivse the penstock. 
The relief-pipe also acts as an escape for 
the air displaced by the incoming body 
of water, r A. penstock should always be 
fitted upon the inlet-pipe of tlie iiiter- 

FiR. 410.— Uisfi Penstudk. . i i * , •■n i i 

ceptmg manlioie, as it Avill lie iound not 
only useful for drain -cleaning purposes, ])iit also AvlieneAww it is desired to 
apply the hydraulic test to the drains. 


It may bo thought that, if <lraiiis are constructed upon the eunditi<.ms already 



Fig. 416.— .Drain Shoot for Uae with Penstock. 


laid down, and if proper attention is paid to their maintenance, there is no 
possible chance of their getting stopped , up. , I am not one of those who believe 
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that all drains get stopped sooner or later, but I have found stoppages in drains 
within a few Hionths of their completion- — in one instance caused by a house- 
niaid’s scrubbing-brush ; another stoppage was found to have been caused by one 
of the masons having swept into the drain a quantity of stone from a manhole 
cover at which he had been working; in another case, at a public institution, I 
found the drain completely 
blocked with pieces of floor- 
cloth, and the lint from 
them, and also an excessive 
quantity of grit from rub- 
bing stones. For the last 
case, a successful remedy 
was found by placing a 
strong galvanized - wire 
strainer across the invert 
of one of the manholes. It 
is clear that temporary 
stoppages in drains do 
occur, and for the purpose 
of removing them, the best 
implements are the red 
malacca canes, cut into 
lengths varying from 2 to 
6 feet, and fitted with brass 
screws or special grip fas- 
tenings; they can be pro- 
cured in bundles from 30 
to 100 feet in length, and a number of tools used for removing an obstruction 
can be screwed or otherwise fastened on as required. These tools consist of a 
duplex clearing roller, double spiral screw, Archimedean screw, whole scraper, half 
scraper, and half drop-scraper, borer, plunger, and wheels, all of -which are shown 
in tig. 417. Brushes either of bass or whalebone, similar to a chimney-sweeper’s 
brushes, should be used for finally sweeping out the drain. 

It is desirable and necessary to apply a test to drains to ascertain wliether 
the joints remain water-tight, and that no sewTige is escaping. Some few years 
ago there was quite a craze for testing drains by tlie smoke-test. While this has 
certain advantages inside a house, it is absolutely valueless for discovering the 
uiisoundness in an external drain. The only reliable way to test a drain is by 

Voi.. L 



Fig. 417.— Drain-cliiariiig Tools. 


500 


DRAINAGE. 


the application of water-pressure. This is done-— where there are no penstocks 

by stopping up the lower end of the drain with a plug, so as to make it 

absolutely water-tight, and at the higher end a bend and two lengths of pipe 
should be placed temporarily so as to secure a sufficient head of water. The 
drain should then be filled and allowed to stand for (say) two hours, during 



which time the behaviour of the water 
in the vertical stand-pipe should be 
noticed; if there should be any subsi- 
dence, a leakage will have taken i3lace 
at one of the joints, which should be 
searched for, and, when discovered, made 






Fig. 418.- .Tdiioa’s Apparatu."! for Testing Drains with Water 


good. -In fig. 418 Jones’s apparatus is shown, in which a plug is inserted at 
the head of the drain, instead of the bend and stand-pipe just described. 

There are several kinds of drain-stoppers; tlie one shown in fig. 419 is 

Jones’s Ivag^^utoppm This^^^iu- 

of flexible tnbe, with a tap at 
the end connected to a small 
hand-pump. The bag is placed 
in the drain before inflation, and 
by working the pump it is 
quickly filled with air under sufficient pressure to dam the drain and prevent 
any escape of -^vater. By turning the air-tap, the inflated bag remains in that 
state as long as required, and wffien done with, a half- turn of the tap again 
releases the air, and the bag is withdrawn.. ; Amongst its advantages may be 


JONES 

PATENT 

PIPE STOPP! 


Fig. 4Tft,— .Tones’s Bag Pipe-stapper, 
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named lightness and flexibility, enabling it to be folded and (tarried in a small 
eompass, and it can be placed in syp)]ions, gullies, a,nd otlicr trajis. 


Mr. Jones is also the pateiitee of another stopper called tini 


ScrcAY Expand- 



ing Stopper”, which is shown in fig. 4'2(). This 
stopper (anisists ol; tw'O plates oi‘ discs of galvanized 
iron, betwn'.en which a s[)ccial hollow nibher ring is ( 
fixed by means of grooves. It is sorewed np Ijy a | 
key, which causes the rubber to expand outavard to | 
the extent of from oiie inch in the smaller sizes to I i| 

three inches in the larger sizes. This will be found ! j 

O ■ I 

sufficient to plug any pipe according to the size of 
stopper used. This stopper can be obtained with a 
central outlet fitted with a patent connector, to which 
a glass indicator is attached, so that the fall of the 
water in the drain can be accurately gaugeci, and the 
slightest leakage detected. 

Fig. 421 shows a general view and section of the 
“Grip” plug, patented by Mr. Milton Syer, and fig. 

422 shows a section of the “Addison ” stopper. The 
parts of the lattej’ are n on-corrosive, the disc being of 
galvanized iron, tlie nipple of gmi-jiietal, aini the niit and emp of brass. The 
rubber in contact wnth the pipe is shown at a a. The lip o is made in such 
a form that the pressure of water acting upon it tends to make the joint more 


OPEN iSJl. WCh&S 
CLOSED SJi INCHES 


rig. 420.— .1 Giles’s Screw Expanding 
Pipe-stopper. 


Eig. .422.— The “Addison” Drain -stopper 


secure. The rublier cannot pinch between the two discs, being held in position 
by the guide b. These stoppers expand about inch, thus making them per- 
fe<ttly tight, and allowing for variation of size in different makes of pipes. The 
expanding is easily done by screwing the nut, which is provided with long wings 
E. The stopper is fitted with an inside tube D, sealed by a scixw-cap F, whicli^ 
when unsere wmd, allowvs the w^ator to escape after being used for testing. 
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Price’s patent Combination Drain-testing Block is another good invention, 
and consists of a number of metal and rubber rings, so arranged that a 4-inch, 
6-inoh, or 9~inch drain can be tested. It is shown in lig. 423. It is made of 

polished brass with special rulibers, and is veiy 
durable and compact. 

However well-arranged and well-constructed a 
system of house-drainage may be, it is of the utmost 
importance that there should be periodical inspec- 
tion and examination to ascertain that everything 
is in proper working order. All intercepting traps 
should be examined to see that they are free from 
deposit, and the pits of all gullies should be regu- 
larly emptied, and in the case of surface-water 
gullies, should in periods of dry weather be re- 
plenished with clean water at frequent intervMs. 
There is a general indifference on the part of occu- 
piers of lioiises to these things; drains being out of sight are most often out of 
mind so long as no inconvenience is felt from any odours which ma}^ be given 
off from them. 

The oeeupiep of every house, on taking possession, should make himself 
thoroughly acquainted with the course of all the drains, and the position and 
working of all the appliances in connection therewith. It is sometimes very 
difficult to get any reliable knowledge about the drainage-s}’stein of a house, as 
the work may have been done without any plan at all, and one is frequently 
referred to some old servant or foreman who happened to be a]»out at the time 
they were put in. It is very unfortunate that reliable and aeemrate plans of all 
systems of house-drainage ■ are not filed and kept at the office of the Distriiit 
Oouncil for reference. - It is true that plans of the drains of all new property, 
which may have been erected since the By-laws were adopted, are so kept, but 
even in these cases they are not altogether to he relied upon, as alterations may 
have been made in carrying, out the work. The plan of the work as completed 
is what is required, and nii the ease of subsequent .alterations, all extensions 
and amendments should be carefully recorded. . 

It is not the custom in this conntryffor the |>erson letting a house to give any 
warranty as to the condition of the drain^, :^It is the duty, therefore, of the 
intending occupier to satisfy himself as to the sanitery condition of the house that 
he proposes to take, and failing access to any reliable plan or history of the 
scheme, he must call in an expert to ^vise .him in, the- matter. .. 


23. —Price’s “Combination 
Drain-testing Block. 



